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INTRODUCTION.
H a e m o s id e ro s is ,  th e  d e p o s i t i o n  o f  
h a e m o s id e r in  I n  v a r io u s  o rg an s  o f  th e  body 
e . g .  l i v e r ,  s p l e e n ,  lymph g la n d s  and k id n e y s ,  
may be th e  r e s u l t  o f  p r o c e s s e s  a s s o c i a t e d  
w i th  anaem ia o r  may be one f e a t u r e  o f  th e  
c o n d i t i o n  known u n d e r  th e  name o f  haem ochro­
m a to s i s  .
H aem osiderin  i s  a b ro w n ish  o r  y e l lo w is h  
brown pigm ent o f  g r a n u l a r  c h a r a c t e r  c o n t a i n ­
in g  " f r e e  i r o n " ,  a s  can r e a d i l y  be d e m o n s t r a t ­
ed by i t s  r e a c t i o n  w i th  r e a g e n t s  l i k e  th e  com­
b i n a t i o n  o f  p o ta s s iu m  f e r r o c y a n i d e  and  h y d r o c h lo r i c  
a c i d .
As i t s  name i n d i c a t e s ,  t h i s  p ig m en t ,  a t  l e a s t  
und er  th e  m a j o r i t y  o f  p a th o l o g i c a l  c o n d i t i o n s ,  i s  
d e r iv e d  from th e  i r o n - c o n t a i n i n g  m dety o f  th e  
haem oglobin  o f  th e  e r y t h r o c y t e s .  Neumann, 
q u o ted  by W ells   ^ \  m a in ta in s  t h a t  haemo­
s i d e r i n  i s  form ed o n ly  u n d e r  th e  i n f lu e n c e  
o f  l i v i n g  c e l l s  and in  th e  p re s e n c e  o f  oxygen: 
b u t  Brown, a l s o  q u o ted  by W ells   ^ \  has  shown
t h a t  h a e m o s id e r in  may be form ed in  th e  l i v e r  
d u r in g  a u t o l y s i s  o f  t h a t  o rg a n ,  e s p e c i a l l y  i f  
a i r  be p r e s e n t .
A /
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A p ig m e n t ,  i n d i s t i n g u i s h a b l e  from  h a e ­
m o s id e r in ,  can  a l s o  he  form ed d u r in g  a u t o ­
l y s i s ,  from th e  i r o n - c o n t a i n i n g  p r o t e i n  o f
c e l l s ,  q u i t e  in d e p e n d e n t  o f  h aem o g lo b in .
( / )M iln e r ,  q u o te d  by  W ells  , s t a t e s  t h a t
d u r in g  a u t o l y s i s  y e t  a n o th e r  i r o n - c o n t a i n ­
in g  p igm ent may be fo rm ed , w hich  d i f f e r s  
from  h a e m o s id e r in  in  h a v in g  th e  i r o n  so 
combined t h a t  i t  c ann o t r e a c t  w i th  th e  u s u a l  
r e a g e n t s ,  and t h a t  t h a t  p igm ent may l a t e r  
change i n t o  h a e m o s id e r in .  T h is  o b s e r v a t io n  
may be  o f  im p o rtan ce  in  r e l a t i o n s h i p  to  haemo­
c h ro m a to s is  and th e  p igm ent h a e m o fu sc in .
Haem ochrom atosis was th e  name g iv e n  by 
von R e ck lin g h a u se n  t o  a c o n d i t i o n ,  i n  w hich  
t h e  o rg an s  and t i s s u e s  th ro u g h o u t  th e  body 
a r e  i n f i l t r a t e d  w i th  two p ig m e n ts ,  one i r o n -  
c o n ta in in g  i d e n t i c a l  w i th  h a e m o s id e r in ,  th e  
o t h e r ,  known a s  haem o fu sc in  w hich he d e s c r ib e d  
t o  be n o n - i r o n - c o n t a i n i n g .  S ub sequen t work 
t o  which r e f e r e n c e  w i l l  be made l a t e r ,  would 
seem to  i n d i c a t e  t h a t  h aem o fu sc in  a l s o  c o n ta in s  
i r o n ,  though in  masked form  and t h a t  t h i s  p igm ent 
may u l t i m a t e l y  be  c o n v e r te d  i n t o  h a e m o s id e r in ,  
p a r t i c u l a r l y  i n  c e r t a i n  o rg an s  and  more e s p e c i a l l y  
i n  t h e  l i v e r .
Shaw Dunn/
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Shaw Dunn, i n  open ing  t h e  d i s c u s s i o n  
on haem ochrom atosis  w hich  to o k  p l a c e  a t  
t h e  e i g h t y - n i n t h  a n n u a l  m ee tin g  o f  th e  
B r i t i s h  M ed ica l  A s s o c i a t i o n ,  and  w hich  i s  
r e p o r t e d  in  t h e  B r i t i s h  M edica l J o u r n a l ,
1921, V o l.  i i . ,  does n o t  m en tio n  h aem o fu sc in  
a s  an  e s s e n t i a l  c h a r a c t e r i s t i c  o f  t h e  con­
d i t i o n .
The d e s c r i p t i o n  he  g iv e s  i s  a s  f o l lo w s .
"A p e c u l i a r  m orb id  c o n d i t i o n ,  c h a r a c ­
t e r i s e d  by th e  a c c u m u la t io n  o f  f r e e  
i r o n - c o n t a i n i n g  p igm ent i n  c e r t a i n  
parenchym atous o rg an s  and  i n  th e  
s k i n ,  a s s o c i a t e d  w i th  i n t e r s t i t i a l  
f i b r o s i s  o f  t h e  l i v e r  and p a n c r e a s ;  
i n  a c e r t a i n  number o f  c a s e s  g l y ­
c o s u r i a  d e v e lo p s .
The s k in  e s p e c i a l l y  o f  th e  exposed  
p a r t s  o f  th e  body e x h i b i t s  a brow n­
i s h  o r  g r e y i s h  brown p ig m e n ta t io n .
The l i v e r  i s  more o r  l e s s  c i r r h o t i c  
b u t  i s  u s u a l l y  n o t  much i f  a t  a l l  
d im in is h e d  in  s i z e .
The l i v e r  h a s  a p e c u l i a r  r u s t y  c o lo u r  
which may be f a i r l y  homogeneous o r  
may be  p a l e r  in  sm a ll  ro unded  n o d u le s ,  
w hich r e p r e s e n t  h y p e r p l a s t i c  l i v e r  
t i s s u e .  When t e s t e d  f o r  t h e  p re s e n c e  
o f  f r e e  i r o n  in  a  m ix tu re  o f  p o ta s s iu m  
f e r r o c y a n i d e  and  h y d r o c h lo r i c  a c i d ,  th e  
l i v e r  g iv e s  an  i n t e n s e  P r u s s i a n  b lu e  
r e a c t i o n .
The p a n c re a s  shows, a  r u s t y  c o lo u r  
s i m i l a r  t o  t h a t  o f  t h e  l i v e r ,  though  
l e s s  m arked, and a l s o  g iv e s  an  i n t e n s e  
r e a c t i o n  f o r  f r e e  i r o n .
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The r e t r o - p e r i t o n e a l  ly m p h a t ic  g la n d s  
i n  th e  u p p e r  p a r t  o f  t h e  abdomen a r e  
more i n t e n s e l y  r u s t y  i n  c o lo u r  th a n  
ly( th e  l i v e r  and  a r e  la d e n  w i th  i r o n  
p igm ent*
Most o f  th e  o t h e r  o rg an s  a l th o u g h  th e y  
may n o t  be  o b v io u s ly  p ig m e n ted ,  g iv e  
th e  i r o n  r e a c t i o n  on t e s t i n g *
S p le en  r e a c t s  i n t e n s e l y ,  t h e  h e a r t ,  
l u n g s ,  stom ach and t h y r o i d  may show a 
f a i r l y  deep c o l o u r a t i o n ;  th e  k id n e y s  
u s u a l l y  r e a c t  r a t h e r  f a i n t l y  a s  do th e  
i n t e s t i n e s  and  th e  s k i n .
I n  c a se s  where th e  bone marrow i s  exam in­
e d ,  i t  i s  u s u a l l y  o b se rv e d  t h a t  t h e r e  i s  
no s p e c i a l  o ve rg ro w th  o f  t h e  r e d  marrow, 
th e  c o n d i t i o n  b e in g  in  marked c o n t r a s t  
w i th  t h a t  o b se rv ed  in  p e r n i c io u s  anaem ia 
and  o t h e r  h a e m o ly t ic  c o n d i t i o n s  i n  which 
f r e e  i r o n  i s  d e p o s i t e d  in  t h e  v i s c e r a . "
In  a s e r i e s  o f a u t o p s i e s ,  c a r r i e d  ou t a t  th e  
G en era l  H o s p i t a l ,  Jo h a n n esb u rg ,  s e v e r a l  c a s e s ,  
o c c u r r in g  i n  n a t i v e s ,  p r e s e n te d  a p i c t u r e  c l o s e ­
l y  re s e m b l in g  t h a t  g iv e n  ab o v e ,  b u t  n a t u r a l l y  
th e  p ig m e n ta t io n  of th e  s k in  was masked by  i t s  
norm al c o lo u r ;  i n  advanced  c a s e s  how ever, pigmen* 
t a t i o n  o f  th e  p a l a t e  and o f  th e  mucous membrane 
o f  th e  mouth was o b se rv e d ,  th e  p igm ent g iv in g  
th e  i r o n  r e a c t i o n .
T his h a s  been  r e p o r t e d  i n  European c a se s  
a l s o   ^ ^  \
I n  a d d i t i o n  t o  th e s e  c a se s  i n  which th e  
p i c t u r e  was com plete  a c o n s id e r a b le  number o f  
o th e r s  showed g r o s s  r u s t y  p ig m e n ta t io n  o f  l i v e r ,
s p l e e n /
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s p l e e n  and  u p p e r  r e t r o - p e r i t o n e a l  lymph g l a n d s ,  
w i th o u t  t h e  g e n e r a l i s e d  d e p o s i t  i n  th e  o t h e r  
o rg an s  such  a s  p a n c r e a s ,  h e a r t ,  t h y r o i d  g la n d ,  
s u p r a - r e n a l  g l a n d s ,  stom ach and s k i n .
The in c id e n c e  o f  t h i s  h a e m o s id e r o s is  was so 
s t r i k i n g  and r e l a t i v e l y  so common t h a t  a 
r o u t i n e  e x a m in a t io n  f o r  h a e m o s id e r in  was made 
i n  a lm o s t  e v e ry  n a t i v e  a u to p s y .  T h is  was done 
even when t h e r e  was no obv io us  s ig n  m a c r o s c o p ic a l ly  
o f  i r o n  p ig m e n ta t io n .
The method a d o p te d  f o r  t e s t i n g  was t h a t  i n d i ­
c a t e d  by Shaw Dunn a s  m en tio n ed  above -  a m ix tu re  
o f  p o ta s s iu m  f e r r o c y a n id e  and  h y d r o c h l o r i c  a c i d  
( e q u a l  q u a n t i t i e s  o f  4% s o l u t i o n s ) ;  t h i s  was u se d  
o n ly  in  th e  c o ld ,  a s  h e a t  g iv e s  u s u a l l y  a more 
i n t e n s e  r e a c t i o n  from  th e  l i b e r a t i o n  o f  l o o s e l y  
combined i r o n .
As a u t o l y s i s  m i ^ t  have b een  c o n s id e re d  to  
p l a y  a p a r t  i n  th e  p r o d u c t io n  o f  t h e  f r e e  i r o n ,  
t e s t s  were c a r r i e d  o u t on E uropeans a s  w e l l  a s  
N a t iv e s  and  n o te  ta k e n  a s  t o  t h e  p e r io d s  which 
e la p s e d  betw een  th e  tim e  o f  d e a th  and th e  t im e  
o f  a u to p s y ;  from th e  r e s u l t s  o b ta in e d  i t  was 
obv ious  t h a t  post-m ortem  a u t o l y s i s  d id  n o t  p l a y  
a p a r t  i n  th e  p r o d u c t io n  o f  t h e  h a e m o s id e r o s i s .
The r e a c t i o n  when o b ta in e d  a s  th e  r e s u l t  o f
a u t o l y s i s /
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a u t o l y s l s ,  d i f f e r s  from  t h a t  found  In  t im e  
h a e m o s id e r o s i s ;  t h e  l a t t e r  g iv e s  a s h a r p l y  
d e f in e d  P r u s s i a n  b lu e  r e a c t i o n  w h i le  th e  
fo rm e r  g iv e s  a d i s c r e t e  d i f f u s e  g r e e n i s h  
c o l o u r a t i o n .
B a c t e r i a  o f  c e r t a i n  ty p e s  a r e  a l s o  s a i d  
to  p l a y  a p a r t  i n  th e  p r o d u c t io n  o f  haemo­
s i d e r o s i s ,  b u t  an  i n v e s t i g a t i o n  i n t o  th e  
b a c t e r i a l  f l o r a  o f  l i v e r s  o b ta in e d  p o s t  -  
mortem showed such  in c o n s ta n c y  and  v a r i a b i l i t y  
i n  th e  r e s u l t s  t h a t  t h i s  l i n e  o f  i n v e s t i g a t i o n  
was c o n s id e r e d  o f  l i t t l e  v a lu e  i n  any  a t t e m p t  
t o  e l u c i d a t e  th e  c o n d i t i o n .
I n  a p p en d ix  i  th e  r e s u l t s  o f  th e  i n v e s t i ­
g a t i o n  i n t o  th e  in c id e n c e  o f  h a e m o s id e ro s is  
i n  n a t i v e s ,  a r e  t a b u l a t e d  and  a l s o  t h e  cause  
o f  d e a th  in  each  c a s e .
The r e s u l t s  f o r  E uropeans a r e  n o t  t a b u l a t e d  
a s  t h e  number o f  p o s i t i v e  c a s e s  i s  r e l a t i v e l y  
s c a n ty ;  a few c a se s  o f  haem ochrom atosis  among 
E uropeans w i l l  be m en tio n ed  v;hen th e  d i s c u s s i o n  
o f  t h a t  c o n d i t i o n  i s  u n d e r t a k e n .
I n  t h e  l i t e r a tu r e ^ ç ^ w hich i s  a v a i l a b l e  i n  
Jo h a n n esb u rg ,  no r e f e r e n c e  was found  to  th e  
o c c u r re n c e  o f  haem ochrom atosis  in  n a t i v e s ,  
y e t  a s  i s  s e e n  in  ap p en d ix  i ,  t h e  ten d e n cy  to  
t h e  developm ent o f  t h i s  c o n d i t i o n  may be
c o n s i d e r e d /
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c o n s id e r e d  v e ry  m arked .
Some e x p la n a t i o n  o f  t h i s  phenomenal h a s  
been  so u g h t  i n  t h e  hope t h a t  l i g h t  m ig h t be 
th row n on th e  e t i o l o g y  o f  th e  c o n d i t i o n ;
I n v e s t i g a t i o n s  have been  made a lo n g  s e v e r a l  
d i f f e r e n t  l i n e s .  One o f  t h e  f i r s t  t o  s u g g e s t  
i t s e l f  was t h a t  o f  d i e t .  The d i e t  o f  th e  
n a t i v e  d i f f e r s  c o n s id e r a b ly  from  t h a t  o f  th e  
E u ro pean , b o th  in  ty p e  and in  mode o f  p r e p a r a ­
t i o n .
The d e t a i l s  o f  th e  d i e t  and  t h e i r  im p o rtan ce  
a r e  d i s c u s s e d  in  S e c t io n  I I I .
A no ther l i n e  o f  i n v e s t i g a t i o n  co n ce rn e d  th e
f r a g i l i t y  o f  th e  e r y t h r o c y t e s .  R o q u e ,C h a l ie r
and  Nove’ J o s s e ra u d   ^ in  P ra n c e  and  Howard 
(4  )and  S te v e n s  i n  America r e p o r t  e x c e s s iv e
f r a g i l i t y  o f  th e  r e d  b lo o d  c o r p u s c l e s  i n  t h e i r  
c a s e s  o f  haem o ch ro m ato s is .  These r e p o r t s  i n ­
d i c a t e d  t h a t  an  i n v e s t i g a t i o n  i n t o  t h e  r e s i s t a n c e  
o f  th e  e r y t h r o c y te s  to  h y p o to n ic  s a l i n e  m ig h t 
p rove  o f  v a lu e .
A s e r i e s  o f  t e s t s  was c a r r i e d  o u t  on two 
h u n d red  n a t i v e s ,  p resum ab ly  n o rm a l ,  o r  a t  l e a s t  
n o t  s u f f e r i n g  from any s e r i o u s  d i s a b i l i t y  which 
m igh t i n v a l i d a t e  th e  t e s t .  The method a d o p te d  
in  t h i s  i n v e s t i g a t i o n  i s  d e s c r i b e d  and th e  r e s u l t s ,  
which  a r e  shown in  ap p en d ix  ( i i )  a r e  d i s c u s s e d  in  
S e c t io n  IV;
Though Shaw Dunn and o th e rs  l a y  l i t t l e  em phasis
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in  t h i s  i n v e s t i g a t i o n  i s  d e s c r i b e d  and  th e  r e s u l t s ,  
w hich  a r e  shown in  ap p en d ix  ( i i )  a r e  d i s c u s s e d  in  
S e c t io n  IV;
Though Shaw Dunn and o th e rs  l a y  l i t t l e  em phasis
o n /
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on th e  o c c u r re n c e  o f  h a em o fu sc in  a s  an  e s s e n -
( S . )
t i a l  f e a t u r e  o f  h a em o ch ro m a to s is ,  M a llo ry  
i n s i s t s  on i t s  im p o r ta n c e .  He g iv e s  a s  h i s  
i n t e r p r e t a t i o n  o f  th e  sequence  o f  e v e n t s ,  t h a t  
th e  p igm ent h a e m o fu sc in ,  o r i g i n a l l y  named and  
d e s c r i b e d  by  von R e ck lin g h a u se n  in  1889, i s  
f i r s t  d e p o s i t e d  in  th e  e n d o th e l iu m  l i n i n g  th e  
s in u s o id s  and  in  th e  parenchym atous  c e l l s  o f  
th e  l i v e r  and t h a t  s u b s e q u e n t ly  i t  i s  changed 
t o  h a e m o s id e r in  by  a slow p r o c e s s  o f  t r a n s f o r m a ­
t i o n  in v o lv in g  months or y e a r s ;  t h e  o t h e r  f e a t u r e s  
o f  th e  d i s e a s e  o c cu r  su b se q u e n t  to  t h i s .
The i n t e r p r e t a t i o n  im p l ie s  p ig m e n ta t io n  o f  
th e  l i v e r  b e f o r e  c i r r h o s i s .
The r e s u l t s  o b ta in e d  and r e c o rd e d  in  a p p en d ix  
( i )  showed t h a t  p ig m e n ta t io n  w i th o u t  obv ious  
c i r r h o s i s  was n o t  uncommon amongst n a t i v e s .  In  
th e  l i g h t  o f  t h i s ,  i t  seemed a d v i s a b l e  tow ards  
th e  end o f  th e  whole i n v e s t i g a t i o n  to  c a r r y  o u t  
a s e r i e s  o f  e x a m in a t io n s  on c o n s e c u t iv e  c a s e s  f o r  
th e  p re s e n c e  o f  haem o fu sc in  in  t h e  l i v e r .
The r e s u l t s  o f  t h e s e  e x a m in a t io n s  a r e  t a b u l a t e d  
in  ap p en d ix  i i i  and a r e  d i s c u s s e d  i n  S e c t io n  i i .  
E x p e r im e n ta l ly  p igm ent c i r r h o s i s  and  c o n d i t i o n s  
r e s e m b l in g  haem ochrom atosis  have  b een  p ro d u ced  in
a n im a l s /
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a n im a ls  b y  c h ro n ic  c o p p e r  p o i s o n in g   ^ ^
and  by  i n j e c t i o n s  o f  r e l a t i v e l y  enormous quan­
t i t i e s  o f  homologous c i t r a t e d  b lo o d  '  //. In  
t h e  i n v e s t i g a t i o n s  o u t l i n e d  above i t  a p p e a re d  
t h a t  n e i t h e r  o f  th e s e  c o u ld  a d e q u a te ly  a c c o u n t  
f o r  t h e  in c id e n c e  o f  h a e m o s id e ro s is  o b se rv e d  
among n a t i v e s .
D uring  th e  i n v e s t i g a t i o n  o f  th e  d i e t  and th e  
modes o f  p r e p a r a t i o n  o f  th e  fo o d ,  i t  a p p e a re d  
t h a t  m e ta l s  o t h e r  th a n  co p p er  m igh t be f a c t o r s  
p a r t i c u l a r l y  z in c  and t i n .  A few e x p e r im e n ts  
w ere c a r r i e d  o u t  on r a b b i t s  w i th  t h e s e  m e ta l s ;  
z i n c ,  t i n  and co p p er  s a l t s  were u se d ;  i n  some 
c a s e s  t h e s e  were a d m in i s t e r e d  a l o n e ,  in  o t h e r  
c a s e s  a s s o c i a t e d  w i th  a l c o h o l .  The d e t a i l s  o f  
t h e s e  e x p e r im e n ts  a r e  shown in  a p p e n d ix  IV and  
th e  r e s u l t s  a r e  d i s c u s s e d  i n  S e c t io n  V.
I n  S e c t io n  VI th e  p rob lem  i s  considered  and  
d i s c u s s e d  a s  a whole i n  th e  l i g h t  o f  th e  £urn 
o f  t h e s e  i n v e s t i g a t i o n s ;
SECTION I I .
In c id e n c e  o f  th e  c o n d i t i o n s  
t o  be d i s c u s s e d .
In  S e c t io n  I ,  r e f e r e n c e  was made to  t h e  
f a c t  t h a t  p ig m e n ta t io n  o f  th e  o rg an s  o f  n a t i v e s ,  
coming to  a u to p s y ,  was o b se rv e d  to  o c c u r  r e l a t i v e ­
l y  f r e q u e n t l y  and  c o n s e q u e n t ly  a r o u t i n e  i n v e s t i g a ­
t i o n  of th e  in c id e n c e  o f  h a e m o s id e ro s is  was s e t  on 
f o o t .
In  th e  y e a r  1924, one c a se  o f  haem och ro m ato sis  
o c c u r r e d ,  i t  was a s s o c i a t e d  w i th  d i a b e t e s  and 
d i a b e t i c  g a n g re n e ;  th e  p a t i e n t  was a n a t i v e  woman, 
ag ed  5 0 . In  th e  same y e a r  t h e r e  were in  a d d i t i o n  
f o u r  c a s e s  o f  p igm ent c i r r h o s i s ,  w hich  d id  n o t  show 
a l l  th e  f e a t u r e s  o f  h a em o ch ro m a to s is .  These f i v e  
c a se s  were the  o n ly  f i v e  t e s t e d  t h a t  y e a r ,  i n  
w hich  two hundred  and tw e n ty - f o u r  n a t i v e  a u t o p s i e s  
were p e rfo rm e d .
Those two h u n d red  and tw e n ty - f o u r  w i th  th e  
e i g h t  hu ndred  and  s e v e n t y - s i x  r e c o r d e d  in  a p p e n d ix  i  
make a t o t a l  of e le v e n  h u n d re d .  On th e  l a s t  page 
o f  th e  ap p en d ix  a r e  c o l l e c t e d  t h i r t y - t w o  c a se s  o f  
p ig m e n ta t io n  of an e x te n t  and d e g re e  u s u a l l y  fo u n d  
i n  h aem o ch ro m ato s is .  Thus in  t h i s  s e r i e s  o f  
e le v e n  hundred  n a t i v e s ,  t h e r e  were o b se rv e d  t h i r t y - t h r e e  
c a se s  o f  i r o n  p ig m e n ta t io n  o f  a d e g re e  com parab le  
w i th  t h a t  o f  haem ochrom atosis  . Of t h e s e  c a s e s ,
t w e lv e /
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tw e lv e  o c c u r r e d  in  fe m a le s  and tw e n ty -o n e  in  
m a le s .
Though a c c u ra c y  in  age d e t e r m i n a t i o n  among 
n a t i v e s  i s  n o t  t o  be e x p e c te d ,  t h e  a g e s  g iv e n  
c l o s e l y  a p p ro x im a te  to  th e  e s t im a t e d  a g e .  T h is  
m ust be t a k e n  i n t o  a c c o u n t  when th e  age  in c id e n c e  
o f  t h i s  s e v e re  d e g re e  o f  p ig m e n ta t io n  i s  b e in g  
c o n s id e r e d .  W ith  t h i s  q u a l i f i c a t i o n  i t  may be 
s t a t e d  t h a t .
5 c a s e s  o c c u r r e d  be tw een  th e  a g e s  o f  30 -35  y e a r s
5  ft n  ft If It ft 3 5 _ 4 o  "
1 0  If tf n  ft tt ft 4 0 - 5 0  "
7 « ” M M ” 50 -60  "
g  ft ft ft ft ft ft 6 0 - 7 0  "
In  1924 t h e r e  was 1 c a se  
In  1925 t h e r e  were 2 c a s e s
In  1926 t h e r e  w ere 12 c a s e s
I n  1927 t h e r e  were 9 c a se s
I n  1928 t h e r e  were 9 c a s e s
D u ring  th e  y e a r s  1925-1928 th e  t e s t  f o r  haemo­
s i d e r o s i s  was a p p l i e d  s y s t e m a t i c a l l y  i n  seven  
h u n d re d  and f o r t y - f i v e  c a s e s .  In  a d d i t i o n  t o  t h e  
c a s e s  o f  haem ochrom atosis  m en tio n ed  ab o v e ,  haemo­
s i d e r i n  was found  in  th e  l i v e r ,  s p le e n  and  lymph 
g la n d s  in  t h r e e  h u n d red  and s i x t y - e i g h t  c a s e s .
Of t h e  seven  h u n d red  and f o r t y - f i v e  c a s e s ,  f o u r
h u n d re d /
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h u n d re d  and  t w e n ty - t h r e e  were o v e r  t h i r t y  y e a r s  
o f  a g e .  Of t h e  t h r e e  h u n d re d  and s i x t y - e i g h t  
c a s e s  o f  h a e m o s id e ro s is  t h r e e  h u n d red  and  t e n  
were o v e r  t h i r t y  y e a r s  o f  a g e .  I f  t o  th e  c a s e s  
o f  h a e m o s id e r o s is  a r e  added  th o s e  o f  h a em o ch ro m a to s is ,  
a t o t a l  o f  t h r e e  h u n d re d  and  f o r t y  two c a s e s  showing 
d e f i n i t e  i r o n  p ig m e n ta t io n  i s  o b ta in e d  o u t  o f  t h e  
f o u r  h u n d red  and tw e n ty  t h r e e  t h a t  w ere o v e r  t h i r t y  
y e a r s  o f  a g e ;  i . e .  i n  e i g h t y  p e r  c e n t  o f  t h e s e  
a u t o p s i e s ,  obv ious  h a e m o s id e r in  o c c u r r e d .
Of t h e  cases  o f  h a e m o s id e r o s i s ,  one h u n d re d  and 
f i f t y - o n e  were a s s o c i a t e d  w i th  t u b e r c u l o s i s ;  o f  th e s e  
one h u n d red  and  tw e n ty -o n e  were o v e r  t h i r t y  y e a r s  o f  
a g e ;  o f  th e  c a se s  o f  haem ochrom ato s is  e i g h t  were 
a s s o c i a t e d  w i th  t u b e r c u l o s i s .
The t o t a l  number o f  c a s e s  o f  t u b e r c u l o s i s  was 
t h r e e  h u n d red  and t h i r t y - s e v e n ;  s i x t e e n  o f  t h e s e  
o c c u r r e d  i n  n a t i v e s  u n d e r  f i v e  y e a rs ,  an  in c id e n c e  o f  
17^ , n i n e t y - f i v e  o c c u r re d  be tw een  th e  ag es  o f  f i v e  
and t h i r t y  y e a r s  -  an  in c id e n c e  o f  2 3 .4 ^ ,  and two 
h u n d red  and tw e n ty - s ix  o c c u r r e d  o v e r  t h i r t y  y e a r s ,  
an  in c id e n c e  o f  35 ^ .
T u b e r c u lo s is  in  th e  n a t i v e  h a s  a d i s t r i b u t i o n  
whidh c l o s e l y  re se m b le s  t h a t  fou nd  in  th e  e x p e r im e n ta l
a n i m a l . /
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a n im a l .  Invo lvem en t o f  t h e  s p l e e n  i s  e x c e e d ­
i n g l y  common and t h i s  o rg an  may r e a c h  s e v e r a l  
pounds i n  w e ig h t  and he th e  s e a t  o f  m u l t i p l e  
c a se o u s  f o c i  o f  v a ry in g  s i z e s .  T h is  i n v o lv e ­
ment o f  th e  s p le e n  i s  n o t  i n f r e q u e n t l y  a s s o c i a t ­
ed w i th  t h e  o c c u r re n c e  o f  t u b e r c l e s  i n  t h e  l i v e r ,  
and  w here h a e m o s id e ro s is  i s  w e l l-m a rk e d  th e  
c a se o u s  n o d u le s  s t a n d  o u t  s h a r p l y  from  th e  r u s t y  
p igm en ted  su b s ta n c e  o f  t h e  l i v e r .  In  a d d i t i o n  
where th e  u p p e r  r e t r o - p e r i t o n e a l  ly m p h a t ic  g la n d s  
a r e  in v o lv e d  th e  c aseo u s  p r o c e s s  s t a n d s  o u t  a g a i n s t
th e  r u s t y  back  g round  o f  t h e  p igm en ted  g la n d .
In  some cases o f  t u b e r c u l o - s i l i c o s i s  -  a  p e c u l i a r  
form  o f  f i b r o i d  t u b e r c u l o s i s  a s s o c i a t e d  w i th  s i l i c o s i s  
w hich in  th e  lu n g  assum es i n i t i a l l y  an  i s l e t  
c h a r a c t e r  s i m i l a r  to  t h a t  o f  s im p le  s i l i c o s i s  -  th e  
u p p e r  r e t r o - p e r i t o n e a l  g la n d s  may be th e  s e a t  o f  
p ig m e n ta t io n  and f i b r o s i s  due to  th e  combined 
p re s e n c e  o f  t u b e r c u l o s i s  and s i l i c a ;  i n  a d d i t i o n  
p ig m e n ta t io n  from  h a e m o s id e r in  may a l s o  be p r e s e n t  ;
I t  would a p p e a r  from  s e c t i o n s  o f  t i s s u e s  show­
in g  th e  o c c u r re n c e  o f  t u b e r c u l o s i s  and h a e m o s id e ro s is  
o r  o f  t u b e r c u l o s i s ,  s i l i c o s i s  and h a e m o s id e r o s i s ,  
t h a t  th e  i r o n  p ig m e n ta t io n  had  been  th e  p r im a ry  
c o n d i t i o n  and t h a t  t u b e r c u l o s i s  h ad  been  s u p e r ­
im posed. In  o t h e r  words t h a t  a l th o u g h  t u b e r c u l o s i s
may/
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may be found  a s s o c i a t e d  w i th  h a e m o s id e ro s is  in  
50% o f  t h e  c a s e s  o f  h a e m o s id e ro s is  u n d e r  t h i r t y  
y e a r s  o f  age  and  In  37% o f  c a s e s  o v e r  t h i r t y  y e a r s  
o f  a g e ,  i t  does n o t  n e c e s s a r i l y '  f o l lo w  t h a t  t u b e r ­
c u l o s i s  i s  an  im p o r ta n t  e t i o l o g i c a l  f a c t o r  i n  th e  
p r o d u c t io n  o f  th e  h a e m o s id e r o s i s .  I t  h a s  been  
s t a t e d  t h a t  e r y th r o p h a g o c y to s i s  i s  i n c r e a s e d  in  
t u b e r c u l o s i s  ^, b u t  such  e r y th r o p h a g o c y to s i s  
c o u ld  n o t  p rodu ce  th e  d e g re e  o f  h a e m o s id e ro s is  
which h a s  been o b se rv e d .  I f  t u b e r c u l o s i s  were 
an  im p o r ta n t  f a c t o r  i n  th e  p r o d u c t io n  o f  th e  
i r o n  p ig m e n ta t io n ^ th e n  one would e x p e c t  to  f i n d  
i t  i n  n a t i v e  c h i l d r e n  a s  marked a s  i n  a d u l t s ,  b u t  
i r o n  p ig m e n ta t io n  in  c h i l d r e n  i s  c o n sp icu o u s  by  
i t s  a b s e n c e .  The ty p e  o f  t u b e r c u l o s i s  fo und  i n  
c h i l d r e n  and i n  a d u l t s  i n  t h e  m a j o r i t y  o f  c a s e s  
i s  c l o s e l y  s i m i l a r  -  a p a r t  from  t h e  c a s e s  where 
s i l i c o s i s  and t u b e r c u l o s i s  a r e  found  t o g e t h e r .
Only r a r e l y  in  a b o u t  f i v e  p e r  c e n t  o f  c a se s  does 
one f i n d  e v id e n c e  o f  o ld  h e a l e d  a r r e s t e d  t u b e r ­
c u l o s i s ,  i n  th e  form  o f  a  c a lc a r e o u s  g la n d  o r  
c a lc a r e o u s  fo c u s  in  th e  lu n g ;  th e  v a s t  m a j o r i t y  
o f ' c a s e s  o f  a l l  ag es  show even  on c a r e f u l  s e a r c h  
no e v id e n c e  o f  c h ro n ic  t u b e r c u l o s i s : -  c a s e s  o f
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of bone t u b e r c u l o s i s  a r e  in  a c l a s s  a p a r t  a s  
some o f  t h e s e  show c h ro n ic  changes b u t  in  th e  
m a t e r i a l  d e a l t  w i th  a t  th e  a u t o p s i e s  o n ly  seven  
o f  t h i s  ty p e  o c c u r re d  i n  a t o t a l  o f  t h r e e  h u n d red  
and t h i r t y  se v e n .
A f u r t h e r  f a c t  w hich s u g g e s ts  t h a t  t u b e r c u l o s i s  
i s  n o t  a  f a c t o r  in  th e  h a e m o s id e ro s is  i s  t h a t  th e  
o rg an s  in  Europeans who d ie d  o f  a c u t e  t u b e r c u l o s i s  
d id  n o t  g iv e  a p o s i t i v e  r e a c t i o n  f o r  h a e m o s id e r in  
i n  a l l  t h r e e  t i s s u e s  -  l i v e r ,  s p le e n  and lymph 
g la n d s ;  th e  s p le e n  m igh t g iv e  a p o s i t i v e  r e a c t i o n  
and th e  l i v e r  show a t r a c e  b u t  among E u ro p ea n s ,  
h a e m o s id e ro s is  i n  the  s e n s e  u se d  in  t h i s  i n v e s t i g a ­
t i o n ,  d id  n o t  o ccu r  a s  th e  r e s u l t  o f  t u b e r c u l o s i s .
A no the r  d i s e a s e  which commonly a f f e c t s  th e  
Sou th  A f r ic a n  n a t i v e  i s  s c h i s t o s o m i a s i s ;  i n f e s t a t i o n s  
w i th  Sch is tosom a haem atobium  and S ch is to so m a  m ansoni 
a r e  n o t  i n f r e q u e n t .  N i n e ty - s ix  c a s e s  o f  obv ious 
b i l h a r z i a  were n o te d  in  t h i s  s e r i e s .  I t  would 
seem, how ever, t h a t  th e  in c id e n c e  o f  t h i s  c o n d i t i o n  
i s  even g r e a t e r  th a n  i s  bo rne  o u t  by th e  r e c o r d  o f  
c a s e s  w i th  obv ious  l e s i o n s ;  in  th e  r o u t i n e  h i s t o l o ­
g i c a l  e x a m in a t io n  o f  th e  l i v e r  f o r  h a e m o s id e r in  and  
haem o fu sc in  p ig m e n ts ,  a number o f  specim ens showed 
c o n s id e r a b le  d e p o s i t s  o f  b i l h a r z i a  p igm ent even when 
no b i l h a r z i a l  l e s i o n  had been  n o te d  in  th e  o rg an s  a t  
a u to p s y .  One o f  t h e  m a n i f e s t a t i o n s  o f  t h i s  d i s e a s e
a m o n g s t/
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amongst th e  n a t i v e s  i s  an  e n la rg e m e n t  o f  th e  
s p le e n ;  th e  e n la rg e m e n t  may be o f  such  a d e g re e  
t h a t  th e  o rgan  w e ig h t  i s  two to  t h r e e  pounds .
In  th e  e n la r g e d  s p le e n  ova o f  b o th  S.haemotobiura 
and S . m ansoni have been  fo u n d ,  th u s  b r i n g in g  
t h i s  ty p e  o f  sp len o m eg a ly  i n t o  l i n e  w i th  t h a t  
o f  th e  E g y p tia n  sp len o m eg a ly  d e s c r ib e d  by 
F e rg u so n   ^ and Day .
I n c i d e n t a l l y  i t  may be m en tio n ed  t h a t  ova o f  
th e  S ch is to som a have been foun d  in  lu n g ,  l i v e r ,  
p a n c r e a s ,  s p le e n ,  omentum, a p p e n d ix ,  f a l l o p i a n  
tu b e ,  k id n e y ,  u r e t e r  a s  w e l l  a s  in  th e  b la d d e r  
and  in  th e  l a r g e  i n t e s t i n e .  C o n se q u e n tly  i t  
would a p p e a r  t h a t  i n  c e r t a i n  c a se s  o f  s c h i s t o s o m ia s i s  
t h e r e  may be a g e n e r a l  s t i m u l a t i o n  o f  th e  r e t i c u l o ­
e n d o t h e l i a l  sy s tem  and  t h i s  may p l a y  a p a r t  i n  th e  
p r o d u c t io n  o f  h a e m o s id e r o s i s .
I n c r e a s e  in  e r y th r o p h a g o c y to s i s  h a s  been  r e p o r t e d  
i n  c e r t a i n ,  d i s e a s e s ,  p a r t i c u l a r l y  t u b e r c u l o s i s ,  
ty p h o id  f e v e r ,  pneumonia and in  some c a s e s  o f  
c i r r h o s i s  o f  th e  l iv e r . ( /2 )  In  t h i s  s e r i e s  o f  c a s e s ,  
s e v e n t y - e ig h t  d ie d  o f  ty p h o id  f e v e r  o r  o f  one o f  
i t s  c o m p l ic a t io n s ;  i n  a p r o p o r t io n  of th e s e  haemo­
s i d e r o s i s  was p r e s e n t .  There  were one h u n d red  and 
one cases o f  lo b a r  pneum onia, f i v e  o f  w hich  were 
a s s o c i a t e d  w i th  haem o ch ro m ato s is .
In  a d d i t i o n  to  th e  t h i r t y - t h r e e  c a se s  o f  
haem ochrom atosis  in  which c i r r h o t i c  changes o f
v a r y i n g /
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v a ry in g  d e g re e  o c c u r r e d  in  th e  l i v e r ,  f o r t y -  
f o u r  c a s e s  o f  o bv io u s  c i r r h o s i s  were n o te d  i . e .  
t h e r e  w ere s e v e n ty - s e v e n  c a s e s  showing m ac ro sc o p ic  
c i r r h o t i c  c h a n g e s .  Of t h e s e  s e v e n ty - s e v e n ,  two 
were u n d e r  tw e n ty  y e a r s  of a g e  and a f u r t h e r  t e n  
u n d e r  t h i r t y  y e a r s  o f  a g e .
The rouhne  h i s t o l o g i c a l  i n v e s t i g a t i o n  o f  th e  
l i v e r  in  n a t i v e s  i n d i c a t e s  however t h a t  e a r l y  
c i r r h o t i c  changes a r e  much commoner th a n  would 
a p p e a r  from  th e  naked  eye e x a m in a t io n .  C e l l u l a r  
i n f i l t r a t i o n s  in  and  a ro u n d  th e  p o r t a l  t r a c t s  a r e  
an  a lm o s t  u n v a ry in g  f e a t u r e  o f  th e  h i s t o l o g i c a l  
p i c t u r e  and t h i s  c e l l u l a r  i n f i l t r a t i o n  i s  a lm o s t  
i d e n t i c a l  w i th  t h a t  seen  a s  th e  e a r l i e s t  m an i­
f e s t a t i o n  o f  c i r r h o t i c  changes in  th e  e x p e r im e n ta l  
a n i m a l . ( 3 H )
A f u r t h e r  i n d i c a t i o n  t h a t  th e  l i v e r  i s  commonly 
th e  s e a t  o f  change in  th e  n a t i v e  i s  seen  in  th e  
r e l a t i v e  in c id e n c e  o f  c a rc in o m a . The number o f  
p r im a ry  c a rc in o m a ta  o b se rv e d  was f o r t y - o n e  in  th e  
s e r i e s ;  o f  t h e s e ,  tw en ty -tw o  were p r im a ry  c a rc in o m a ta  
o f  th e  l i v e r ,  n i n e t e e n  o c c u r r e d  in  m ales  and  t h r e e  
in  f e m a le s .  The s i t e s  o f  th e  o t h e r  p r im a ry  c a rc in o m a ta  
were -  oesophagus 3 ,  t h y r o i d  3 ,  stom ach 3 ,  p a n c re a s  2 ,  
b r e a s t  2 ,  c o lo n  2 , b l a d d e r  2 ,  s k in  1 , o v a r i e s  1 .
Of th e  c a rc in o m a ta  o f  th e  l i v e r ,  t h r e e  were 
a s s o c i a t e d  w i th  haem ochrom atosis  and  s i x t e e n  w i th  
c i r r h o s i s  o f  th e  l i v e r .
De V o g e l /
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D© V og e l,  q u o ted  by  M a l lo ry   ^^  ^ r e f e r s  to  
th e  h ig h  f r e q u e n c y  o f  ca rc inom a o f  th e  l i v e r  in  
th e  Ja v an e se  and  C h inese  and s t a t e s  t h a t  n i h e t y  
p e r  c e n t  o f  such  ca rc in o m as  were fo und  in  c i r r h o t i c  
l i v e r s .  A s i m i l a r  r e l a t i o n s h i p  i s  found  i n  th e  
S ou th  A f r i c a n  n a t i v e .
Though o n ly  tw en ty - tw o  c a s e s  of p r im a ry  carc inom a 
o f  th e  l i v e r  o c c u r r e d  in  t h e  h o s p i t a l  a u t o p s i e s  d u r in g  
th e  y e a r s  1924-1928, f o r t y - f i v e  o t h e r  c a s e s  were 
r e p o r t e d  in  1926 and  1927 from  m a t e r i a l  s e n t  to  th e  
S ou th  A f r i c a n  I n s t i t u t e  f o r  M edica l R e se a rc h  f o r  
e x a m in a t io n .  (Vide R e p o r ts  f o r  1926 and  1 9 2 7 ) .
M é ta s ta sé s  were n o te d  in  a few c a s e s  in  th e  
reg io na l  lymph g la n d s  and in  t h e  lu n g s .
O ther d is e a s e s  which may be o f  im p o rtan ce  in  
r e l a t i o n s h i p  to  h a e m o s id e ro s is  -  b e in g  a s s o c i a t e d  
w i th  a c t i v i t y  o f  th e  r e t i c u l o - e n d o t h e l i a l  sys tem  -  
a r e  m a l a r i a ,  ty p h u s ,  a m o e b ia s i s ,  s c u rv y  and th e  
a n ae m ias .  Wo c ase  o f  typhus came to  p o s t-m o r te m .
Of m a la r i a  t h e r e  were s i x  c a s e s  o f  c e r e b r a l  t y p e .  
T w en ty -fo u r  c a s e s  o c c u r r e d  o f  a m o e b ia s i s ,  th e  
m a j o r i t y  showing l i v e r  in v o lv e m e n t .
E ig h t  c a se s  o f  s c u rv y  were n o te d  and in  s i x  
t h i s  was th e  cau se  o f  d e a t h .
A s /
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As r e g a r d s  th e  anaem ias  and le u k a e m ia s ,  though  
c l i n i c a l  r e c o r d s  and  c l i n i c a l  p a t h o l o g i c a l  exam i­
n a t i o n s  show t h a t  th e s e  do o c c u r ,  o n ly  one c a se  
o f  a p l a s t i c  anaem ia and one c a se  o f  m yelogenous 
leukaem ia  re a c h e d  a u to p s y .
D is e a s e s  n u m e r ic a l ly  im p o r ta n t  among th e  c a u se s  
o f  d e a th  were e n d o c a r d i t i s  ( a l l  v a r i e t i e s ,  f i f t y -  
f i v e  c a s e s )  and  n e p h r i t i s  ( a l l  v a r i e t i e s ,  f o r t y - t w o  
c a s e s  ) .
US)A so h o ff ,  i n  a  l e c t u r e  on a t h e r o s c l e r o s i s
i n d i c a t e s  t h a t  a th e r o m a to s i s  may he found  in  c h i l d ­
h o o d ,a t  p u b e r ty ,a n d  in  s e n e s c e n c e ,  and m a in ta in s  
t h a t  t h i s  c o n d i t i o n  i s  a s s o c i a t e d  w i th  an  i n c r e a s e  
o f  c h o l e s t e r i c  o r  c h o l e s t e r i n  e s t e r s  in  th e  c i r c u l a t i n g  
p lasm a; in  c h i ld h o o d  and a t  p u b e r ty  th e  c o n d i t i o n  
i s  a r e v e r s i b l e  one and may d i s a p p e a r , b u t  in  th e  
a th e r o m a to s i s  o f  s e n e sc e n c e  an  i r r e v e r s i b l e  c o n d i t i o n  
i s  e s t a b l i s h e d .  One o f  the  m a n i f e s t a t i o n s  in  th e  
c h i ld h o o d  t y p e , i s  a l e s i o n  o f  th e  s e p t a l  c u r t a i n  o f  
th e  m i t r a l  v a lv e .  T his typ e  o f  l e s i o n  h a s  been  
found  in  n a t i v e  c h i l d r e n ,  e . g .  in  a c h i l d  o f  t h r e e  
d y in g  o f  a c u t e  i n f e c t i o n .  S im i la r  l e s i o n s  have been  
found  however in  t h e  m i t r a l  v a lv e  a t  a l l  a g e s ;  p r a c t i c a l l y  
no n a t i v e  h e a r t  i s  f r e e  from  i t  and a c o n s id e r a b le  
number o f  Europeans o f  a l l  a g e s  show th e  same l e s ionw
T he/
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The s i t e  o f  th e  l e s i o n  i s  commonly th e  s e a t  o f  
c a l c i f i c a t i o n  in  th e  l a t e r  y e a r s  o f  l i f e .
D e g e n e ra t iv e  changes o f  a th e ro m a to u s  ty p e  a r e  
th e  r u l e  i n  th e  a r t e r i a l  sys tem  of th e  n a t i v e s ,  
and  th e  a th e r o m a to s i s  c o r re sp o n d s  to  th e  s e n e s c e n t  
form  d e s c r ib e d  by  A s c h o f f . T h is  l e s i o n  may be 
d i f f u s e  i n  i n d i v i d u a l s  j u s t  o v e r  t h i r t y  y e a r s  o f  
a g e ,a n d  i s  u s u a l l y  g r o s s  in  th e  s i x t h  decade o f  
l i f e .  In  e v e ry  c a se  t h a t  r e a c h e s  th e  age  o f  
s i x t y  y e a r s  c a l c i f i c a t i o n  i s  a lw ay s p r e s e n t ,  in  
th e  a o r t a  o r  in  th e  i l i a c  and fe m o ra l  v e s s e l s .
C a l c i f i c a t i o n  may o c c u r  much e a r l i e r  th a n  t h i s  b o th  
in  Europeans and  in  n a t i v e s ,  f o r  example a  l a r g e  
c a l c i f i e d  p la q u e  was se en  in  th e  c a se  o f  a 
European  fe m a le ,  (South  A f r i c a n  b o rn )  aged  tw e n ty -  
one , who d ie d  from  m e n i n g i t i s  a s  th e  r e s u l t  o f  an  
a c c i d e n t ;  t h i s  p la q u e  o c c u r re d  in  th e  a s c e n d in g  
a o r t a  j u s t  above th e  a o r t i c  c u s p s .
The r e l a t i o n s h i p  o f  d i e t  and o f  c l i m a t i c  
c o n d i t i o n s ,  such a s  e x c e s s iv e  s u n l i g h t ,  to  t h i s  c a l c i f i c a t i o n  
has  y e t  to  be i n v e s t i g a t e d ;  i t  i s  s u g g e s t iv e  however t h a t  
e r g o s t e r o l  in  l a r g e  d oses  may p roduce  c a l c i f i c a t i o n  in  
th e  e x p e r im e n ta l  a n im a l .
I f ,  a s  A sch o ff  m a i n t a i n s ,  a th e r o m a t o s i s ,  th e  i n f i l ­
t r a t i o n  o f  th e  in t im a  w i th  c h o l e s t e r i n  e s t e r s ,  c an n o t  
o c cu r  w i th o u t  th e  p re s e n c e  i n  th e  b lo o d  p lasm a o f
i n c r e a s e d /
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i n c r e a s e d  c h o l e s t e r i n  s u b s ta n c e s  and  i f  th e  
c h o l e s t e r i n  m e tab o lism  i s  c o n t r o l l e d  by  th e  
l i v e r ,  w hich  i s  th e  a c c e p te d  v iew , th en  i t  
w ould fo l lo w  from  th e  in c id e n c e  o f  a th e r o m a to s i s  in  
n a t i v e s  t h a t  some change ,. p o s s i b l y  f u n c t i o n a l  b u t  
p resu m ab ly  o rg a n ic  was p r e s e n t  a lm o s t  c o n s t a n t l y  in  
th e  l i v e r  o f th e  n a t i v e .
As r e g a r d s  s y p h i l i t i c  l e s i o n s ,  th e s e  have  n o t  
been  n o te d  to  any  l a r g e  e x t e n t  in  s p i t e  of th e  f a c t  
t h a t  more th a n  tw en ty  f i v e  p e r  c e n t  o f  n a t i v e s  t e s t e d  
gave a  p o s i t i v e  Wasserraann r e a c t i o n .
In  th e  d i s c u s s i o n  on haem o ch ro m ato sis  p r e v i o u s l y  
r e f e r r e d  t o ,  th e  im p o rtan ce  o f  h a em o fu sc in  a s  an  
e s s e n t i a l  f e a t u r e  o f  th e  c o n d i t i o n  was d i s c o u n te d ;  
em phasis  was l a i d  on th e  d e p o s i t  o f  h a e m o s id e r in  
w h i le  h aem ofusc in  was c o n s id e r e d  a s  an i n t e r m e d i a t e  
s ta g e  betw een haem oglobin  and h a e m o s id e r in .  Towards 
th e  end o f  t h i s  i n v e s t i g a t i o n  i t  a p p e a re d  t h a t  haemo­
f u s c i n  was n o t  a d i s i n t e g r a t i o n  p ro d u c t  o f  haem oglob in  
b u t  r a t h e r  a co m b in a t io n  o f  haem oglob in  w i th  o th e r  
c h em ic a l  s u b s ta n c e s .
T h is  n e s e s s i t a t e d  a r e c o n s i d e r a t i o n  of th e  im p o rtan ce  
o f  h aem o fusc in  and r e q u i r e d  an  e x a m in a t io n  i n t o  i t s  
in c id e n c e  in  th e  l i v e r s  o f  n a t i v e s .  Only a s h o r t  
s e r i e s  of e x am in a tio n s  was made in  c o n s e c u t iv e  c a se s  
coming to  p o s t-m o rte m . Between f o r t y  and f i f t y  c a se s  
were exam ined. The c h i e f  t e s t  a p p l i e d  was t h a t  su g g e s te d
by/
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b y  M a llo ry  -  th e  d i f f e r e n t i a l  s t a i n i n g  o f  t h e  p igm ent 
w i t h  an  a l c o h o l i c  s o l u t i o n  o f  b a s i c  f u c h s i a ;  haemo- 
s l d e r i n  does n o t  s t a i n  w i th  th e  b a s i c  f u c h s i n  and 
h a em o fu sc in  does n o t  g iv e  th e  r e a c t i o n  f o r  f r e e  
i r o n  w i th  h y d r o c h lo r i c  a c i d  and p o ta s s iu m  f e r r o -  
c y a n id e .  ( S )  ( j )
The t e s t s  were a p p l i e d  in  a l l  c a s e s  t o  s e c t i o n s  
o f  th e  l i v e r  and in  a few c a s e s  to  s e c t i o n s  o f  s p le e n  
and o f  k id n e y .
Haem ofuscin was found  in  a p p r e c i a b l e  amount 
In  tw e n ty - f iv e  c a s e s ,  and in  t r a c e s  in  th e  re m a in d e r  
w i th  th e  e x c e p t io n  of t h r e e  w hich were n e g a t i v e .
In  p r a c t i c a l l y  a l l  th e  p o s i t i v e  c a s e s  th e  h aem ofusc in  
was p r e s e n t  a s s o c i a t e d  w ith  h a e m o s id e r in  in  th e  same 
c e l l s ;  i n  one c ase  o f  c i r r h o s i s ,  in  t h e  r e g e n e r a t i n g  
a r e a s  h aem ofusc in  was p r e s e n t  a lo n e ;  in  one c a se  w i th o u t  
c i r r h o s i s  h aem o fu sc in  was a s s o c i a t e d  w i th  o n ly  v e ry  
sm a ll  t r a c e s  o f  h a e m o s id e r in .
Though t h i s  s e r i e s  i s  sm a ll  th e  r e s u l t s  s u g g e s t  
t h a t  th e  d e p o s i t i o n  o f  h a em o fu sc in  i s  r e l a t i v e l y  
common in  th e  l i v e r  o f  th e  S ou th  A f r i c a n  ^ a t i v e .
As r e g a r d s  th e  age in c id e n c e ,  s e v e r a l  o f  th e  
c a se s  showing a p p r e c i a b le  q u a n t i t i e s  o f  th e  p igm en t 
w ere o n ly  tw e n ty  y e a r s  o f  a g e .  Appendix i  shows 
t h a t  h a e m o s id e r in  d e p o s i t  i n  th e  l i v e r  i s  v e ry  common 
even a t  tw e n ty  y e a r s  o f  a g e ,  though  d e p o s i t s  in  
th e  o t h e r  o rg an s  may n o t  be a p p r e c i a b l e .  The age
i n c i d e n c e /
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i n c id e n c e  s u g g e s t s  a f a c t o r  which a c t s  e a r l y  in  
l i f e  and c o n t in u e s  more o r  l e s s  c o n s t a n t l y .
The o c c u r re n c e  o f  c a se s  showing m a in ly  haemo­
f u s c i n  d e p o s i t  and of c a se s  show ing th e  a s s o c i a t i o n  
o f  h a em o fu sc in  w i th  h a e m o s id e r in  in  th e  same c e l l s  
( th e  t r a n s f o r m a t i o n  o f  h aem o fu sc in  to  h a e m o s id e r in )  
s u p p o r t s  th e  c o n te n t io n  t h a t  th e  d e p o s i t  o f  haemo­
f u s c i n  i s  a n te c e d e n t  to  th e  h a e m o s id e r o s i s . The 
r a t e  o f t r a n s f o r m a t i o n  o f  h a em o fu sc in  to  h a e m o s id e r in  
may v a ry  in  d i f f e r e n t  c a se s  and t h i s  may a c c o u n t  f o r  
th e  d i f f e r e n t  p i c t u r e s  o b t a i n e d .
D I E T
S E C T I O N  I I I
Most a u t h o r i t i e s  c o n s id e r  t h a t  haemochroma- 
t o s i s  i s  a  c o n d i t i o n  which r e q u i r e s  y e a r s  f o r  i t s  
d ev e lo p m en t,  so  t h a t  i f  d i e t  p l a y s  a n y  p a r t  in  
I t s  p r o d u c t io n ,  t h a t  d i e t  m ust have been  a d o p te d  
f o r  a  s i m i l a r l y  long  p e r i o d .  %  t h i s  r e s p e c t  
th e  d i e t  o f  th e  n a t i v e  in  h i s  k r a a l  m ust assume 
some c o n s id e r a b le  im p o r ta n c e .  In  type  i t  i s  t h e  d i e t  
w hich  d o m in a te s  h i s  l i f e ,  even when th e  n a t i v e  
i s  i n  tow ns, th e  m o d i f i c a t i o n s  t h e r e  b e in g  m a in ly  
i n  th e  ty p e  o f  a l c o h o l  he consum es.
An i n v e s t i g a t i o n  i n to  th e  d i e t  o f  th e  Sou th  
A f r ic a n  N a tiv e  in  h i s  k r a a l - w a s  c a r r i e d  o u t  some 
tw e n ty  y e a r s  ago by  D r. G .A .T u rn e r ,  th e n  M edica l 
O f f i c e r  t o  th e  W itw a te rs ra n d  N a t iv e  Labour A s s o c ia ­
t i o n ,  Jo h a n n esb u rg .  The r e p o r t  o f  t h i s  i n v e s t i g a ­
t i o n  i s  to  be found in  volume f o u r  o f  th e  T ra n s v a a l  
M edical J o u r n a l .
No a p p a r e n t  change h a s  ta k e n  p l a c e  in  th e  n a t iv e s *  
d i e t  n o r  i n  h i s  h a b i t s  s i n c e  t h a t  tim e  so t h a t  th e  
comments made by D r. T u rn e r  a r e  s t i l l  w o r th y  o f  
c o n s i d e r a t i o n .  Some e x t r a c t s  from  th e  a r t i c l e s  in  
th e  M edical J o u rn a l  may be q u o te d ,  a s  th e y  te n d  to  
th row  some l i g h t  on th e  in c id e n c e  o f  d i s e a s e  o r  i t s
c a u s a t i o n /
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c a u s a t io n  amongst th e  n a t i v e s ,  and  a s  th e y  may 
a l s o  be r e l e v a n t  to  th e  s u b j e c t  o f  h a e m o s id e r o s i s .
”The n a t i v e  i s  p r o v e r b i a l l y  im p ro v id e n t ,  he 
h a s  to  c o n ten d  w i th  e r r a t i c  s e a so n s  and  con ­
s e q u e n t ly  i t  o f t e n  happens t h a t  he h a s  o n ly  
a  v e ry  i n d i f f e r e n t  d i e t  upon w hich  to  e x i s t . ”
" T h e i r  im prov idence  combined w i th  a c o n s t i t u ­
t i o n a l  i n a b i l i t y  to  commence work e x c e p t  
u n d e r  com pulsion  c a u se s  th e  n a t i v e s  in  many 
p a r t s  a t  c e r t a i n  se a so n s  o f  th e  y e a r  to  
d e t e r i o r a t e  p h y s i c a l l y , ”
"Though th e  n a t i v e s  a r e  a b l e  to  en d u re  h a r d ­
s h ip s  on a l i m i t e d  food  s u p p ly ,  i t  h a s  been 
found  on s e v e r a l  o c c a s io n s  t h a t  i f  a f t e r  
p r i v a t i o n , t h e y  a r e  g iv e n  m u sc u la r  l a b o u r ,  
even when s u p p l i e d  w i th  a good n u t r i t i o u s  
d i e t ,  th e y  a r e  l i a b l e  w i th in  th e  f i r s t  few 
months o f  commencing work to  d e v e lo p s  s c u r v y . ”
"The n a t i v e s  o f  South  A f r i c a  have  become 
accusto m ed  to  a d i e t  c o n ta in in g  a h ig h e r  
p e rc e n ta g e  o f  c a rb o h y d r a te s  th a n  i s  foun d  
amongst E uropean r a c e s . ”
Meat does n o t  e n t e r  i n t o  th e  every -day  d i e t ,  i t  i s
a  lu x u ry  r e s e r v e d  f o r  s p e c i a l  o c c a s io n s ;  eggs a r e
n o t  a p o p u la r  form o f  fo od  and f i s h  i s  reck o n ed
u n c le a n  by  most t r i b e s .  The s t a p l e  form  o f  d i e t
i s  o f  a * v e g e ta r ia n *  ty p e ,  a l th o u g h  on r a r e  o c c a s io n s
th e  n a t i v e s  a t  t im e s  w i l l  e a t  enormous q u a n t i t i e s
o f  m ea t.  Even in  th e  towns th e  n a t i v e  s t i l l  a d h e re s
to  t h i s  ty p e  o f  d i e t .
Though D r. T u rner  m en tio n s  a  g r e a t  number o f  c a r b -  
h y d r a te  fo o d s  th a t  may be u se d  by  th e  n a t i v e s ,  e . g .  
m e a l i e s ,  p o t a t o e s ,  sw eet p o t a t o e s ,  su g a r  c a n e ,  pum pk ins ,
a v o c a d o p e a r s /
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a v o c a d o p e a r s ,  paw-paws, p i n e a p p l e s ,  p r i c k l y  p e a r s ,  
e t c . ,  y e t ,  so  f a r  a s  th e  n a t i v e s  a r e  co n ce rn e d  
upon whom t h i s  h a e m o s id e ro s is  i n v e s t i g a t i o n  was 
c a r r i e d  o u t ,  a lm o s t  th e  o n ly  c a rb o h y d ra te  food  u se d  
i s  th e  m e a l ie  -  a v a r i e t y  o f  th e  zea  mays The
m e a l ie  may be cooked whole o r  may be g round  f o r  th e  
p r e p a r a t i o n  o f  m e a l ie  p o r r i d g e ,  e t c .
Th© f a t s  o f  th e  d i e t  were a t  one tim e  d e r iv e d  
m a in ly  from  m i lk ,  u s u a l l y  ta k e n  so u r  and o f t e n  
p r e c i p i t a t e d ,  b u t  where m i lk  i s  n o t  a v a i l a b l e ,  
v e g e ta b le  f a t s  may be em ployed, d e r iv e d  f o r  example 
from  n u t s ,  o r  a n im a l  f a t s  o b ta in e d  a t  c e re m o n ia l  
t im e s  when meat i s  e a t e n .  These f a t s  a r e  in c o r p o r a te d  
a s  a r u l e  i n  th e  p re p a re d  m e a l i e s .  M ea lies  c o n ta in  
a c e r t a i n  amount o f  p r o t e i n  ( th e  meal c o n ta in s  70^ 
c a r b o h y d r a te ,  14% p r o t e i n  and 3.8% f a t )  and f u r t h e r  
p r o t e i n s  may be added  to  th e  d i e t  from  legum inous 
food s  e . g .  p eas  and beans and  a l s o  from  n u t s .
As r e g a r d s  a l c o h o l  D r. T u rn e r  s t a t e s
"The n a t i v e  r a c e s  of Sou th  A f r i c a  g e n e r a l l y ,  
i n  common w i th  o t h e r  u n c i v i l i s e d  p e o p le ,  a r e  
m e n ta l ly  in c a p a b le  o f  r e s i s t i n g  a l c o h o l .  
C o n se q u e n tly  in  p a r t s  where s p i r i t s  and  w ines 
a r e  o b t a in a b le  a t  a l l  s e a s o n s ,  th e  n a t i v e  
p o p u la t io n  i s  a d runken  one from i t s  c h i ld h o o d  
u p ."
"On th e  o th e r  h a n d , in  p l a c e s  where K a f f i r  Beer 
i s  th e  n a t i o n a l  d r i n k ,  th e  n a t i v e  i s  by no means 
a d ru n k a rd  i n  th e  t r u e  se n se  o f  th e  word; he 
d o u b t le s s  a t  t im e s  consumes enormous q u a n t i t i e s  
o f  b e e r  - - - -  b u t  he c o n te n t s  h im s e l f  w i th  th e s e  
p e r i o d i c  b o u t s .  Even t h i s  b e e r - d r in k i n g  c l a s s .
ho w ev er/
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how ever, g iv e s  way to  d r i n k  when b ro u g h t  in  
c o n t a c t  w i th  c i v i l i s a t i o n ,  u n l e s s  k e p t  more 
o r  l e s s  u n d e r  c lo s e  o b s e r v a t i o n . ”
D r. P e t e r  A l l a n , w h o  i s  a t  p r e s e n t  c a r r y i n g  
o u t  a  t u b e r c u l o s i s  su rv e y  in  th e  N a t iv e  T e r r i t o r i e s ,  
informsme t h a t  t h e r e  th e  d i e t  c o n s i s t s  a lm o s t  e n t i r e l y  
o f  m e a l ie s  (3 pounds o r  more p e r  d a y ) .  These may be 
r o a s t e d  whole o r  c o a r s e l y  g round  and  made i n t o  p o r r id g e  
to  which a l i t t l e  pumpkin o r  a few beans  o r  peas  may 
be added  when a v a i l a b l e ;  a n im a l  f a t  may a l s o  be mixed 
i n t o  t h e  p o r r i d g e .
t
Meat i s  e a te n  a t  c e re m o n ia l  t im e s ,  once o r  tw ic e  
a  m onth . At th e s e  t im e s  th e  n a t i v e  in d u lg e s  in  
k a f f i r  b e e r  o r g i e s  which may l a s t  f o r  a  week; th e  b e e r  
a p p e a rs  to  have  a h i g h l y  i n t o x i c a t i n g  e f f e c t  and th e  
n a t i v e  e a t s  n o th in g  d u r in g  th e  d r i n k in g  b o u t ,  b u t  
when th e  b o u t  i s  ended , he may e a t  enormous q u a n t i t i e s  
o f  m e a t .  A p a r t  from  c e re m o n ia l  t im es  th e  d i e t  i s  
e s s e n t i a l l y  m e a l i e s .
D r. A l la n  a l s o  c o n f irm s  in fo r m a t io n  t h a t  I  have
r e c e i v e d  t h a t  th e  n a t i v e  c a la b a s h e s  and cook ing
u t e n s i l s  a r e  d i s a p p e a r in g  and b e in g  r e p l a c e d  by
p a r a f f i n  t i n s ,  p e t r o l  t i n s  and t i n s  o f  a l l  s o r t s  and s i z e s
%
b o th  f o r  th e  s to r a g e  o f  food  and f o r  i t s  p r e p a r a t i o n .
T hat t h i s  change had  ta k e n  p la c e  in  th e  towns h as  been  
a m a t t e r  o f  common o b s e r v a t io n  f o r  y e a r s  and i t  h a s  a l s o  
sp re a d  to  th e  n a t i v e  t e r r i t o r i e s .
D r. A l l a n t s  com m unication to  me i n d i c a t e s  t h a t  t h e r e
h a s /
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h a s  been  no change i n  t h e  ty p e  o f  d i e t  among th e  
n a t i v e s  f o r  t h e  p a s t  tw e n ty  y e a r s  and  t h a t  K a f f i r  
B eer i s  s t i l l  a s  p o p u la r  a s  e v e r  w i th  them .
D r. T u rn e r  in  h i s  rem arks  on K a f f i r  B eer s t a t e s  
t h a t  " i t  m ust be  lo o ked  upon a s  th e  n a t i o n a l  d r i n k  
o f  t h e  K a f f i r s  and one u n i v e r s a l l y  a p p r e c i a t e d  by  
th e  B an tu  r a c e " .  I t  i s  made from  v a r io u s  k in d s  
o f  k a f f i r  c o rn ,  a  k in d  o f  m i l l e t  (sorghum v u l g a r i s ) .  
M ealies  a r e  a l s o  f r e q u e n t l y  employed when th e  o t h e r  
form s o f  g r a i n  a r e  n o t  a v a i l a b l e .
P r o p e r ly  made and  u se d  a t  th e  p r o p e r  t im e ,  nam ely  
w i t h in  a few h o u rs  o f  i t s  p r e p a r a t i o n ,  th e  k a f f i r  b e e r  
a p p e a rs  to  be a v a lu a b le  a d d i t i o n  to  th e  d i e t .  One 
M is s io n a ry  q u o ted  by  D r. T u rn e r  say s  " I t  i s  i n  my 
view more th a n  a  lu x u r io u s  and s u p e r e r o g a to r y  b e v e ra g e ,  
i t  i s  r a t h e r  a  v e ry  a d m ir a b le ,  v e ry  b e n e f i c i a l ,  even  
p e rh a p s  v e ry  n e c e s s a r y  form  o f  fo o d " .  The s u g g e s te d  
so u rc e  o f  t h i s  " n e c e s s a r y  form  o f  food"  i s  m en tio n ed  
a s  b e in g  i n  th e  y e a s t  which th e  l i q u o r  c o n ta in s  when 
d ru n k .
Th© mode o f  p r e p a r a t i o n  o f  th e  k a f f i r  b e e r  re s e m b le s
t h a t  o f  o r d in a r y  b e e r ,  b u t  th e  v a r io u s  s t a g e s  a r e  n o t
c o n t r o l l e d  a s  r e g a r d s  t e m p e r a tu r e ,  t im e ,  and m a t e r i a l s .
C o n se q u e n tly  th e  ty p e  o f  f e r m e n ta t i o n  p rodu ced  d i f f e r s
from t h a t  o f  o r d in a r y  b e e r^ a n d  th e  e n d -p ro d u c t  may show
a w e ll-m ark ed  a c e to u s  f e r m e n ta t i o n  and c o n ta in  a
(18 )c o n s id e r a b le  q u a n t i t y  o f  a c e t i c  a c i d  .
A /
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A m a l t  i s  p r e p a re d  by in d u c in g  th e  k a f f i r  co rn  
t o  g e rm in a te ,  and a r r e s t i n g  th e  g e rm in a t io n  p ro c e s s  
by  d r y in g ,  p r e f e r a b l y  s u n - d r y in g .  A c e r t a i n  amount 
o f  t h i s  m a l t  i s  mashed w i th  m e a l ie  m eal i n  w a t e r ,  
p r e f e r a b l y  h o t  w a t e r .  The mass i s  a l lo w e d  to  s t a n d  
i n  a co v e red  v e s s e l  exposed to  t h e  r a y s  o f  th e  sun  
f o r  from  one t o  t h r e e  d a y s • I t  th e n  becomes a t h i c k  
f e rm e n t in g  mass o f  s o u r - s w e e t  t a s t e  w i th  a d i s t i n c t l y  
p u t r i d  s m e l l .  T h is  i s  r e g a rd e d  as a k in d  o f  m o th e r  
w o r t .
P a r t s  o f  t h i s  w ort a re  added  to  b o i l i n g  w a te r  and
th e  whole b o i l e d  f o r  t h e  b e s t  p a r t  o f  a d a y ,  when
i t  i s  p u t  i n t o  v e s s e l s  and a llo w ed  to  c o o l  f o r  tw e n ty -
f o u r  h o u r s .  A f te r  t h i s  p e r io d  o f  c o o l in g  a c e r t a i n
m a l t
q u a n t i t y  o f  th e  k a f f i r  c o r n / i s  now mashed i n t o  th e  
w ort to  p roduce  th e  main a l c o h o l i c  f e r m e n t a t i o n .  T h is  
i s  supposed  to  be a t  i t s  h e i g h t  i n  t w e n ty - f o u r  h o u r s .
Then th e  b e e r  i s  s t r a i n e d  i n t o  o t h e r  v e s s e l s  and i s  
re a d y  f o r  con su m p tio n . I f  t h e  b e e r  i s  k e p t  o v e r  f o r  
a day  o r  so l o n g e r ,  th e  a l c o h o l i c  c o n te n t  i n c r e a s e s .  The 
b e e r  o u ^ t  t o  be consumed as soon  as p r e p a r e d ,  f o r  i f  s t o r e d  
a t  a l l  i t  becomes more p o te n t  and more a c i d .
(/A )
D r. K le in  i n  an a r t i c l e  on k a f f i r  b e e r  and i t s
m a n u fa c tu re  on th e  Rand, i n d i c a t e s  t h e  marked te n d e n c y  
f o r  a c é t i f i c a t i o n  to  t a k e  p la c e  i n  th e  p ro c e s s  j u s t  
d e s c r i b e d .  A f te r  q u o t in g  a n a ly s e s  o f  v a r io u s  specim ens 
o f  th e  b e e r ,  w hich  w ere made by th e  Government A n a ly s t  
he  shows t h a t  so f a r  as t h e  Rand i s  co n ce rn ed  th e  
n a t i v e  " i n  o r d e r  to  f e e l  s a t i s f a c t o r i l y  seasoned  w i l l
r e q u i r e /
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r e q u i r e  abou t 2 ,0 0 0  gms. o f  t h e  b e e r  w hich  
w i l l  g iv e  him th e  b e n e f i t  o f  50 gms. o f  a c e t i c  
a c id  and 80 gms. o f  a l c o h o l " .
Even when p r o p e r ly  p re p a re d  k a f f i r  b e e r  rem ains  
sw eet o n ly  f o r  abou t f i f t e e n  ho u rs  a f t e r  i t s  p r e ­
p a r a t i o n ,  t h e r e a f t e r  i t  becomes to o  a c id  and s o u r  
t o  be f i t  f o r  human consum ption . As p re p a re d  
and d runk  by th e  n a t i v e s  i n  and a round  Jo h a n n e sb u rg ,  
i t  i s  a l r e a d y  to o  a c i d ;  even th e n  i t s  a c i d i t y  i s  
much in c r e a s e d  by th e  a d d i t i o n  o f  a d u l t e r a n t s  
e . g .  s u l p h u r i c  a c i d .
D r. T u rn e r  comments on t h i s  as fo l lo w s
" U n f o r tu n a te ly  some of th e  n a t i v e  women 
a re  l o s i n g  th e  a r t  o f  making good b e e r  
o r  a re  to o  l a z y  to  do so p r o p e r l y .  To 
g e t  o v e r  t h i s  f a i l i n g  and i n  some c ase s  to  
i n c r e a s e  th e  p o ten c y  of th e  o r d in a r y  p ro d u c t  
t h e y  add a d u l t e r a n t s .  For th e  pu rp ose  some 
u s e  cheap dop b randy  o r  w hisky and I  have  
h e a rd  o f  p a r a f f i n ,  copper s u lp h a te  and even 
s u l p h u r i c  a c id  b e in g  ad d ed ."
O ther ty p e s  of a lc o h o l  and th e  m ethods o f  t h e i r  
p r e p a r a t i o n  a re  n o te d  i n  th e  a p p e n d ic e s ,  where a re  
c o p ie s  o f  n o te s  r e c e iv e d  from  th e  C r im in a l  I n v e s t i ­
g a t io n  D epartm ent, Jo h an nesb u rg  by P r o f e s s o r  J.M .W att 
o f  th e  D epartm ent o f  Pharm acology in  t h e  U n i v e r s i t y  
o f  th e  W itw a te r s r a n d .
F o rm erly  th e  p r e p a r a t i o n  o f  fo o d  and d r i n k  was 
done in  c a la b a sh e s  and n a t i v e  p o ts  b u t  nowadays 
t h e s e  have been  su p e rse d e d  to  a l a r g e  e x t e n t  by 
t h e  p a r a f f i n  t i n ,  th e  p e t r o l  t i n s  and by g a lv a n is e d  
r e c e p t a c l e s •
Though/
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Though th e  n a t i v e  i s  in  many ways c l e a n l y  
i n  h i s  h a b i t s  y e t  custom p e rm i ts  and som etim es 
demands t h a t  fo o d  and l i q u o r  be k e p t  more o r  
l e s s  c o n t in u o u s ly  in  th e  same r e c e p t a c l e ,  
p a r t i c u l a r l y  in  th e s e  p r o c e s s e s  where f e rm e n ta ­
t i o n  p la y s  a p a r t .  Thus i t  happens t h a t  m e ta l  
r e c e p t a c l e s  and u t e n s i l s  become c o rro d e d  and  th e  
food  c o n ta m in a te d  by th e  c o r ro d e d  m e t a l s ,  VThere 
t i n  r e c e p t a c l e s  a r e  u se d ,  t i n  c o n ta m in a t io n  w i l l  
t a k e  p la c e  and i t  i s  obv ious  w i th  an a c i d  f l u i d  
l i k e  k a f f i r  b e e r ,  t h i s  may be c o n s i d e r a b le .
S i m i l a r l y  w i th  z in c  l i n e d  r e c e p t a c l e s  e . g .  w a te r  
t a n k s ,  which commonly a re  o f  g a lv a n is e d  m e ta l .
T hus, q u i t e  a p a r t  from any  m e t a l l i c  c o n te n t  o f  th e  
fo o d  a s  fo o d ,  c o n ta m in a t io n s  w i th  z in c  and t i n  a r e  more 
o r  l e s s  c o n s t a n t .
T hat such  c o n ta m in a t io n  may be c o n s id e r a b le
can be r e a d i l y  a p p r e c i a t e d  in  th e  l i g h t  o f th e  work
( /4  )
o f  S a le  and Badger '  . They i n v e s t i g a t e d  a 
s e r i e s  o f  c a se s  o f  p o is o n in g  from b o t t l e d  w ort 
b e e r  and found t h a t  th e  b e e r  c o n ta in e d  229 m illig ram m s 
o f  z in c  p e r  l i t r e ;  t h i s  z in c  c o n te n t  th e y  presum ed 
to  be d e r iv e d  from g a lv a n is e d  p a i l s  In  which th e  
b e e r  had  been k e p t  b e fo r e  b o t t l i n g .  They t h e r e f o r e  
i n v e s t i g a t e d  th e  r a t e  a t  w hich  v a r io u s  l i q u i d s  
d i s s o l v e d  th e  z in c  from o r d in a r y  g a l v a n i s e d  I ro n  
p a i l s .
Some o f  t h e i r  r e s u l t s  may be q uo ted  to  show th e
r a p i d i t y /
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r a p i d i t y  w i th  which some f l u i d s  may d i s s o l v e  
t h i s  m e t a l .
"Amount o f  z in c  in  mgms. p e r  l i t r e
A f te r  17 h o u rs  A f t e r  41 h o u rs  
Tap W ater 5 21
D i s t i l l e d  W ater 9 27
C arbonated  W ater 193 181
M ilk 438 1 ,054
Orangeade 530 854
Lemonade 1 ,411  2 ,7 0 0 ."
These  r e s u l t s  i n d i c a t e  t h a t  th e  n a t i v e  fo o d  and 
l i q u o r  c o n ta in s  a p p re c ia b le  m e t a l l i c  c o n te n t  from  
c o n ta m in a t io n .
Q u ite  a p a r t ,  how ever, from  c o n ta m in a t io n ,  t h e  
n a t i v e ’s d i e t  does c o n ta in  an a p p r e c i a b le  q u a n t i t y  
o f  z i n c .
(10 )
B e r tra n d  and Beuger as th e  r e s u l t s  o f
t h e i r  ex p e r im en ts  show t h a t  z in c  i s  an e lem ent 
o f  great p h y s i o l o g ic a l  im p o r ta n c e ;  i t  i s  found  in  
a p p r e c i a b le  q u a n t i t i e s  in  su b s ta n c e s  r i c h  i n  
Vitam in B. They s t a t e  t h a t  i t  i s  found  i n  
n o t a b l e  q u a n t i t i e s  in  b ra n ,  y e a s t ,  b u t t e r ,  m ilk  
and cod l i v e r  o i l ,  and t h a t  t h e  o rgans  r i c h e s t  
i n  z in c  a re  th e  l i v e r ,  b r a i n  and h e a r t .
B e r tra n d  and Wakamara  ^ m a in ta in  t h a t  from 
th e  p h y s io lo g ic a l  a s p e c t  z in c  i s  more im p o r ta n t  to  
o rgan ism  th a n  i r o n .
A c e r t a i n  m inim al amount o f  z in c  must t h e r e f o r e  be
i n g e s t e d /
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i n g e s te d  i n  th e  fo o d .
Buckner in  an i n v e s t i g a t i o n  i n t o  th e  z in c
c o n te n t  o f  food  r e p o r t s  th e  f o l lo w in g  q u a n t i t i e s  
o f  z in c  p e r  thou sand  grammes.
"Tap w a te r 0 ,25 mgm.
Yolk o f  egg 56 .7 1 mgm.
Tea (d ry ) 3 4 ,53 mgm.
Y eas t 414 ,86 mgm.
Corn (Zea Mays) 25 ,24 mgm.
Wheat Bran 139 ,2 mgm.
Wheat 8 4 .0 mgm.
Bean 14,65 mgm.
M ilk 4-5 mgm.
P r e c i p i t a t e  o f  Cow's m ilk 674 .3 mgm."
In  a v e g e t a r i a n  ty pe  o f  d i e t ,  t h e r e f o r e ,  q u i t e  
a p a r t  from  c o n ta m in a t io n ,  a p p r e c i a b le  amounts o f  
z in c  a r e  i n g e s te d :  i f  y e a s t  made b e e r s  a re  a s s o c i a t e d  
w i th  th e  d i e t ,  as in  th e  case  in  some k a f f i r  b e e r s ,  
th e  amount i s  much in c r e a s e d .
An i n v e s t i g a t i o n  in to  th e  e f f e c t  o f  long  c o n t in u e d  
i n g e s t i o n  o f  z in c  by c a t s  and d o g s ,  t o g e t h e r  w i th  
o b s e r v a t io n s  upon th e  e x c r e t i o n  and s to r a g e  o f  z in c  
h as  been  c a r r i e d  ou t by  D r in k e r ,  Thompson and  Marsh 
From t h e i r  work i t  would a p p e a r  t h a t  a b so rb e d  z in c  
b e g in s  to  be e x c re te d  p ro m p tly  a f t e r  i t s  a b s o r p t i o n .
A sm a ll  f r a c t i o n  le a v e s  th e  body in  th e  u r i n e ,  th e  
m a jo r  amount however i s  e x c r e te d  a lo n g  th e  a l im e n ta r y  
t r a c t ,  some o f  i t  in  th e  b i l e ,  p ro b a b ly  some o f  i t  
i n  th e  p a n c r e a t i c  j u i c e .  I f  th e  a b so rb ed  z in c  i s
g r e a t e r /
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g r e a t e r  in  amount th an  th e  e x c r e t o r y  mechanism 
can  h a n d le  a t  once , z in c  i s  te m p o r a l ly  s t o r e d ,  
c h i e f l y  in  t h e  l i v e r ,  and l i b e r a t e d  by  t h i s  o rgan  
a s  f a s t  a s  i t  can c o n v e n ie n t ly  be e x c r e t e d ,  A 
sm a ll  amount o f  z in c  i s  e x c r e te d  in  sw eat and 
p ro b a b ly  some a l s o  in  m ilk .  (Both cow’ s m ilk  and 
human m ilk  c o n ta in  a p p r e c i a b le  q u a n t i t i e s  o f  z i n c ) .
In  t h e i r  e x p e r im e n ts  t h r e e  h e a v i l y  z in c e d  c a t s  
d e v e lo p ed  f i b r o s i s  o f  th e  p a n c re a s  w i th  n o d u l a r i t y .
T h e i r  o b s e r v a t io n s  have le d  th e s e  w orkers  to  c o n ce iv e  
o f  th e  p o s s i b i l i t y  t h a t  th e  p a n c re a s  may s e rv e  
n o rm a l ly  a s  one o f  th e  a g e n ts  by which z in c  o r  
p o s s i b l y  o th e r  heavy m e ta l s ,  a r e  e x c r e te d  i n to  th e  g a s t r o '  
i n t e s t i n a l  t r a c t ,  and t h a t  th e  f i b r o s i s  o b se rv ed  may 
have  r e s u l t e d  from an e x c e s s iv e  demand upon th e  
p a n c re a s  to  e x e r c i s e  t h i s  f u n c t i o n .
The o rgans  in v o lv e d  in  th e  s to r a g e  and e x c r e t i o n  o f  
z in c  v i z ,  th e  l i v e r ,  p a n c re a s  and s k i n ,  have some 
s i g n i f i c a n c e  when c o n s id e re d  in  th e  l i g h t  o f  th e  
In c id e n c e  of th e  p ig m e n ta t io n  in  h a em o ch ro m ato s is ,
To sum up th e  s a l i e n t  f e a t u r e s  o f  th e  n a t i v e  d i e t ,  
i t  i s  m a in ly  v e g e t a r i a n  in  ty p e  and i s  a s s o c i a t e d  
w i th  an  a lc o h o l  which d e g e n e ra te s  r a p i d l y  to  a c rude  
form  o f  v in e g a r ;  i t  i s  l i a b l e  to  c o n ta m in a t io n  b o th  w i th  
s a l t s  o f  t i n  and o f  z in c ,  and z in c  i s  a l r e a d y  p r e s e n t  
i n  th e  food  in  r e l a t i v e l y  l a r g e  q u a n t i t y .
I t  was presumed t h a t  th e s e  two m e ta ls  m igh t be 
f a c t o r s  in  th e  in c id e n c e  of h a e m o s id e ro s is  and o f
haemochroma t o s i s /
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h a em o ch ro m ato s is .  The i n v e s t i g a t i o n  i n t o  th e  
r e l a t i o n s h i p  betw een z in c  and t i n  f e e d in g  and 
th e  e a r l y  changes a s s o c i a t e d  w i th  e x p e r im e n ta l  p igm ent 
c i r r h o s i s  i s  d e a l t  w i th  in  S e c t io n  V.
FRAGILITY OF THE ERYTHROCYTES. 
SECTION IV.
There a re  many t e s t s  whereby th e  r e s i s ­
t a n c e  o f  th e  e r y th r o c y te s  to  v a ry in g  s t r e n g t h s  
o f  h y p o to n ic  s a l i n e  may be i n v e s t i g a t e d .  That 
employed in  t h i s  s e r i e s  o f  e x am in a tio n s  was 
o r i g i n a l l y  e l a b o r a t e d  by Sims on w h ile
w ork in g  on c e r t a i n  ty p e s  of anaem ia and I  am 
in d e b te d  to  him f o r  in fo rm a t io n  a s  to  th e  
norm al o b ta in e d  over  some f i v e  hundred  exam i­
n a t i o n s .
The i d e a l  t r e a tm e n t  o f th e  b lo od  to  be 
exam ined i s  d e f i b r i n a t i o n  as  soon a s  i t  i s  
w ithdraw n from th e  p a t i e n t ,  b u t  a s  my s p e c i ­
mens were c o l l e c t e d  s e v e r a l  m i le s  from th e  
l a b o r a t o r y  such t r e a tm e n t  was im p o s s ib le .  
I n s t e a d  th e  b lo o d  was c o l l e c t e d  in  a tube  
t r e a t e d  w i th  p o tass iu m  o x a la t e ,  o n ly  j u s t  
s u f f i c i e n t  o f  th e  a n t i - c o a g u l a n t  b e in g  p r e s e n t  
a s  was n e c e s s a r y  to  p re v e n t  c l o t t i n g .
From B c . c s .  to  10 c . c s .  o f  b lo o d  were 
w ithdraw n from a v e in ,  shaken up in  th e  tu be  
w i th  th e  o x a la te  and s e n t  to  th e  l a b o r a to r y  
where th e  specim ens were r e c e iv e d  u s u a l l y
w i t h i n /
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w i t h i n  one h o u r  and n e v e r  l a t e r  th a n  two h o u rs  
a f t e r  th e y  had been ta k e n .
The o x a la te d  b loo d  was th en  washed in  s i x  
changes o f  s a l i n e  (0 .85% ), th e  w ash ing  b e in g  
done i n  th e  c e n t r i f u g e .  From th e  d e p o s i t  o f  
washed c e l l s ,  a f i v e  p e r  c e n t  su sp e n s io n  was 
made in  0.85% s a l i n e  and  t h i s  su s p e n s io n  was 
u se d  in  t h e  t e s t  a g a i n s t  v a ry in g  s t r e n g t h s  o f  h y ­
p o to n ic  s a l i n e .
Th© t e s t  tu b e s  in  th e  exp erim en t were c a l i b r a t ­
ed  so t h a t  th e  d ia m e te r s  were a p p ro x im a te ly  e q u a l ,  
and t h a t  e q u a l  volumes o f  f l u i d  s to o d  a t  th e  same 
l e v e l ,  th u s  g iv in g  e q u a l  volumes o f  f l u i d  f o r  
c o l o r i m e t r i c  com parison . The s t a n d a r d  chosen  
f o r  c o lo r i m e t r i c  com parison  was t h a t  o f a s i x t y  
p e r  c e n t  h a e m o ly s is ;  t h i s  had been proved  by 
e x p e r im e n t  to  be th e  most s a t i s f a c t o r y .
The s ta n d a r d  was o b ta in e d  a s  f o l l o w s : -  
0 .5  c . c .  o f th e  c e l l  su sp e n s io n  was p la c e d  in  
one o f  th e  c a l i b r a t e d  t e s t  tu b es  and to  t h i s  
were added  2 c . c s .  o f  d i s t i l l e d  w a te r .  The 
c o n te n t s  o f  the  tube were th o ro u g h ly  mixed and 
th e  c o rp u s c le s  underw ent com plete  h a e m o ly s is .
From t h i s  f l u i d ,  showing one hundred  p e r  c e n t  
h a e m o ly s is ,  1 .5  c . c .  wefe tak e n  and added to  1 c . c .  
o f  d i s t i l l e d  w a te r  in  a n o th e r  c a l i b r a t e d  tu b e ;  th e  
c o n te n t s  were mixed th o ro u g h ly  and a s ta n d a r d  o f  
s i x t y  p e r  c e n t  h a em o ly s is  th u s  o b ta in e d .
A /
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A s e p a r a t e  s ta n d a r d  was made f o r  each  specim en 
t e s t e d .
In  c a r r y i n g  o u t  th e  t e s t  e ig h t  c a l i b r a t e d  
tu b e s  were u sed  in  a d d i t i o n  to  th e  s t a n d a r d ;  
th e  t e s t  was^ d u p l i c a t e d  fo r each  b lo o d  examined 
so t h a t  an  av e rag e  m igh t be o b ta in e d .  In  no 
c a se  d id  th e  d u p l i c a t e  t e s t s  d i f f e r  in  r e s u l t s ,  
Th© e i g h t  tu b e s  were p la c e d  in  a c o n v e n ie n t  
r a c k  and numbered from  1 to  8 ,  To each  tu be  
were added  2 c . c s .  o f  s a l i n e  o f  v a ry in g  con­
c e n t r a t i o n s  o f  s a l t ;  t h e r e a f t e r  0 ,5  c . c s ,  o f  th e  
c e l l  su s p e n s io n  in  0,85% s a l i n e ;  im m e d ia te ly ,  th e  
tu b e s  were r a p i d l y  i n v e r t e d  and  th e  c o n te n t s  
th o ro u g h ly  m ixed; th e  m ix ing  was begun in  th e  
lo w e s t  c o n c e n t r a t i o n  in  tu b e  8 and c o n t in u e d  
in  r a p i d  s u c c e s s io n  up to  tu b e  1 . The f i n g e r  
o r  thumb used  in  th e  p ro c e s s  o f m ix ing  was dded 
betw een two s u c c e s s iv e  t u b e s ,
Th© tu b e s  were a l lo w e d  to  s ta n d  a t  room tem ­
p e r a t u r e  o v e rn ig h t .
To m in im ise  th e  p e rc e n ta g e  o f  e x p e r im e n ta l  
e r r o r ,  l a r g e  q u a n t i t i e s  o f  th e  v a r io u s  c o n c e n t r a ­
t i o n s  o f  s a l t  were p r e p a re d .  No f r e s h  s o l u t i o n s  
were r e q u i r e d  in  th e  s e r i e s  o f  two h u n d red  and 
f i f t y  bloods exam ined. B efo re  p r e p a r in g  th e  
s o l u t i o n s  the  s a l t  was h e a te d  and th en  c o o le d  
b e f o r e  w eigh ing  o u t  th e  d e s i r e d  q u a n t i t i e s ;  in  
t h i s  way an a c c u r a t e  s a l i n e  c o n c e n t r a t i o n  was
o b t a i n e d /
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o b t a i n e d .
As a f u r t h e r  p r e c a u t io n  a g a i n s t  e r r o r ,  a l l  
t i t r a t i o n s  were c a r r i e d  out w i th  th e  same 
p i p e t t e  -  a s t a n d a r d i s e d  2 c . c .  p i p e t t e . -  The 
p i p e t t e  was washed ou t  th o ro u g h ly  by  means o f  a 
s u c t io n  pump^ w ith  th e  c o n c e n t r a t i o n  o f  s a l i n e  
to  be u se d  in  th e  t i t r a t i o n .
The contents  o f  the  tu b e  a t  th e  end o f  th e  
e x p e r im e n t  were a s  f o l lo w s .
Tube 1 2 c . c .  o f  0.85% s a l i n e  + 0 .5  c . c .  c e l l  s u s ­
p e n s io n  g iv in g  s a l i n e  c o n c e n t r a t i o n  0 .85
Tube 2 2 c . c .  o f  0.425% s a l i n e  + 0 .5  c . c .  c e l l  sus
p e n s io n  g iv in g  s a l i n e  c o n c e n t r a t i o n  0.51%
Tube 3 2 c . c .  o f  0.400% s a l i n e  + 0 .5  c . c .  c e l l  s u s ­
p e n s io n  g iv in g  s a l i n e  c o n c e n t r a t i o n  0.49%
Tube 4 2 c . c .  o f  0.375% s a l i n e  + 0 ,5  c . c .  c e l l  s u s ­
p e n s io n  g iv in g  s a l i n e  c o n c e n t r a t i o n  0,47%
Tube 5 2 c . c .  o f  0,35% s a l i n e  + 0 ,5  c . c .  c e l l  s u s ­
p e n s io n  g iv in g  s a l i n e  c o n c e n t r a t i o n  0.45%
Tube 6 2 c . c .  o f  0,325% s a l i n e  + 0 ,5  c . c .  c e l l  sus*
p e n s io n  g iv in g  s a l i n e  c o n c e n t r a t i o n  0,43%
Tube 7 2 c . c ,  o f  0,30% s a l i n e  + 0 ,5  c . c .  c e l l  s u s ­
p e n s io n  g iv in g  s a l i n e  c o n c e n t r a t i o n  0,41%
Tube 8 2 c , c ,  o f  0.275% s a l i n e  + 0 .5  c . c ,  c e l l  s u s ­
p e n s io n  g iv in g  s a l i n e  c o n c e n t r a t i o n  0,39%
In  th e  norm al s a l i n e  c o n t r o l  i . e .  tube  1, th e  
c e l l s  sed im en ted  and no h a em o ly s is  o c c u r r e d .  In  
a p r o p o r t io n  of the  rem a in in g  tu b e s  h a em o ly s is  
to o k  p la c e  to  a v a ry in g  d e g re e ;  t h i s  d e g r e e .o f  
h a e m o ly s is  was compared c o l o r i m e t r i c a l l y  w i th  th e
s t a n d a r d /
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s t a n d a r d  s i x t y  p e r  c e n t  which had been p r e p a r e d .  
T hat c o n c e n t r a t i o n  o f  s a l t  i n  th e  h y p o t o n s a l i n e  
w hich  c o rre sp o n d e d  to  th e  s t a n d a r d .c o u ld  th en  be 
r e a d i l y  e s t im a te d .
As w i l l  be n o te d ,  th e  v a r i a t i o n  in  s a l i n e  con­
c e n t r a t i o n  was a r r a n g e d  so t h a t ,  when combined w i th  
th e  s a l i n e  in  th e  c e l l  s u s p e n s io n ,  t h e r e  sh o u ld  be 
a f i n a l  v a r i a t i o n  o f  0,02%,
In  h i s  work Sims on found t h a t  by  t h i s  m ethod, 
u s in g  s i x t y  p e r  c e n t  h a em o ly s is  a s  a s t a n d a r d ,  th e  
no rm al l i m i t s  f o r  Europeans in  England were from  
0.41% c o n c e n t r a t i o n  to 0,43% c o n c e n t r a t i o n  w ith  an 
a v e ra g e  o f  0.42%, t h a t  i s , t o  o b ta in  a s i x t y  p e r  
c e n t  h a em o ly s is  o f  norm al e r y t h r o c y te s  by means o f  
h y p o to n ic  s a l i n e ,  an a v e ra g e  c o n c e n t r a t i o n  o f  
0.42% s a l t  i s  r e q u i r e d .
The term  "norm al f r a g i l i t y  to  h y p o to n ic  s a l i n e "  
w i l l  be u se d  in  t h i s  s e n s e .
A c ce p tin g  th e  f i g u r e s  0.41% to  0.43% o f  s a l t  
c o n c e n t r a t i o n  a s  a b a s i s  f o r  th e  ’norm al f r a g i l i t y  
to  h y p o to n ic  s a l i n e ’ , I  assumed t h a t  i f  I  found  a 
s i m i l a r  norm al v a r i a t i o n  among Europeans in  
Johannesburg  t h a t  t h e r e  was no need  to  c a r r y  o u t  
an  e x te n d ed  su rv e y  among them. F i f t y  c a se s  o f  
v a ry in g  ages  were exam ined; th e y  were u n s e l e c t e d ,  
th e  specim ens b e in g  ta k e n  from p a t i e n t s  s e n t  to  th e
l a b o r a t o r y /
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l a b o r a t o r y  f o r  th e  c o l l e c t i o n  o f  b lo o d  f o r  th e  
Wassermann r e a c t i o n .
The a v e ra g e  r e s u l t  o b ta in e d  was 0.42%
The maximum o b ta in e d  was 0,445%
The minimum " " 0,40%
Two h u nd red  n a t i v e  c a se s  were a l s o  exam ined.
The specim ens were o b ta in e d  by th e  c o u r t e s y  o f  th e  
M ed ica l O f f i c e r s  o f the  W itw a te rs ra n d  N a tiv e  Labour 
A s s o c ia t io n  and were ta k e n  from n a t i v e s  a w a i t in g  
r e p a t r i a t i o n  a f t e r  s e r v i c e  on th e  M ines, o r  from  
p a t i e n t s  s u f f e r i n g  from  s l i g h t  d i s a b i l i t i e s  r e ­
q u i r i n g  t h e i r  d e t e n t i o n  f o r  a few days in  a s u r g i ­
c a l  w ard . No c ase  of obv ious s e r io u s  d i s e a s e  was 
exam ined .
In  a p r o p o r t io n  of th e  c a se s  a r e d - c e l l  coun t
was done and an e s t im a t i o n  o f  th e  haem oglob in ,
no s e r i o u s  d e p a r tu r e  from th e  norm al was n o te d .
Though age  i s  an u n c e r t a i n  q u a n t i t y  amongst
n a t i v e s  a p p ro x im a tio n s  were g iv en  in  each c a s e .
The a v e ra g e  age of th e  two hundred  i s  2 8 .5  y e a r s .
Th© a v e ra g e  f r a g i l i t y  to  h y p o to n ic  s a l i n e  
o b ta in e d  was 0.437%
The maximum f r a g i l i t y  to  h y p o to n ic  s a l i n e  
o b ta in e d  was 0.48%
The minimum f r a g i l i t y  to  h y p o to n ic  s a l i n e  
o b ta in e d  was 0,40%
Among th e  two hundred  c a se s  t h e r e  were s e v e r a l  
t r i b e s  r e p r e s e n te d  -  Shangaan 55, Xosa 37 , Mchopi 27, 
Nyambaan 23 , Pondo 21 , Msutu 20 , Swazi 7 , Bechuana 6
a n d /
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and f o u r  o t h e r s .
The r e s u l t s  a b s t r a c t e d  from th e  t r i b a l  p o in t  o f  
view a r e  a s  fo l lo w s  -
Average Age Average F r a g i l i t y
Shangaan 27 .78  y e a r s  0.444%
0.434% 
0.439%
Nyambaan 29 .78  " 0.427%
Pondo 2 7 .9
Msutu 28 .65
S^/^azi 3 0 .1
0.438%
0.434%
0.443%
Bechuana 28 .66  " 0.431%
The d e t a i l s  o f the  r e s u l t s  a r e  seen  in  th e  
t a b l e s  in  ap p en d ix  i i .
Prom the  r e s u l t s ,  i t  i s  seen  t h a t  amongst th e  
b a tc h  o f  n a t i v e s  exam ined, th e  f r a g i l i t y  o f  th e  
e r y t h r o c y te s  to  h y p o to n ic  s a l i n e  i s  g r e a t e r  th an  
f o r  E u ro p e a n s .
Of th e  two h u n d red  c a s e s ,  one hu ndred  and t h i r t y  
were betw een the  ag es  o f  tw en ty  and t h i r t y  y e a r s  
and  th e  a v e ra g e  f r a g i l i t y  f o r  t h i s  group i s  0.433%; 
s e v e n ty  were over  t h i r t y  y e a rs  and th e  a v e ra g e  
f r a g i l i t y  f o r  t h i s  group i s  0.44%.
T his  age  g roup ing  i s  a l s o  su g g e s te d  in  th e  
t r i b a l  a b s t r a c t s ^ p a r t i c u l a r l y  in  th e  l a r g e r  g ro u p s ;
Between the  ages o f tw en ty  y e a r s  and t h i r t y  
th e  f r a g i l i t y  o f  the  n a t i v e  c o rp u s c le s  a p p ro x im a te s  
t o  th e  up p e r  l i m i t  o f th e  European norm al b u t  above 
th e  age  of t h i r t y  y e a r s  th e  f r a g i l i t y  i s  d e f i n i t e l y  
i n c r e a s e d .
Hughes and S h r i v a s t a r a  i n v e s t i g a t e d  th e
f r a g i l i t y  among I n d i a n s ,  w i th  p a r t i c u l a r  r e f e r e n c e
t o /
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to  c a se s  o f  s p l e n ic  en la rg em en t and  o f  c i r r h o s i s  
o f  the l i v e r .  The method o f  t e s t  t h e y  adopted  
was t h a t  d e s c r ib e d  by D. O rohovats in  which
th e  d e g re e  of h a em o ly s is  i s  d e te rm in e d  by  means 
o f  c o u n ts  o f th e  numbers of undamaged c e l l s  in  
th e  s a l i n e  s o l u t i o n  a f t e r  a f i x e d  d e f i n i t e  p e r i o d ;  
th e  no rm al " f r a g i l i t y  to  h y p o to n ic  s a l i n e " ,  i . e .  
f o r  s i x t y  p e r  c e n t  h a e m o ly s is ,  by t h i s  method i s  
a p p ro x im a te ly  0 .41% .: the  r e s u l t s  by  th e  two 
m athods o f  t e s t  a r e  t h e r e f o r e  co m parab le .
I t  would a p p e a r  th e n ,  t h a t  th e  l i m i t s  o f  th e  
"norm al f r a g i l i t y  to  h y p o to n ic  s a l i n e "  a r e  th e  
same f o r  Europeans and f o r  In d ia n s  and p resu m ab ly  
t h e  l i m i t s  ought to  be th e  same f o r  th e  Sou th  
A f r i c a n  N a tiv e , and th e r e f o r e  where v a r i a t i o n  o c c u rs ,  
i t  i s  r e l a t e d  to  some p a th o l o g i c a l  p r o c e s s .
Hughes and S h r i v a s t a r a  ) a r e  of th e  o p in io n  
t h a t  i n c r e a s e d  f r a g i l i t y  i s  r e l a t e d  to  in c r e a s e d  
a c t i v i t y  o f  th e  r e t i c u l o - e n d o t h e l i a l  system  and 
th e y  d e m o n s tra te d  t h a t ,  in  c a se s  o f  sp le n o m e g a ly  
a s s o c i a t e d  w i th  c i r r h o s i s  o f th e  l i v e r ,  t h e r e  i s  
i n c r e a s e d  f r a g i l i t y  o f  the  c o rp u s c le s  i n  th e  
e a r l y  sta g es^ and t h a t  a s  th e  c i r r h o s i s  advances  
t h i s  in c r e a s e d  f r a g i l i t y  becomes a l t e r e d  to  
i n c r e a s e d  r e s i s t a n c e .
I n /
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In  S e c t io n  i l  a t t e n t i o n  was drawn to  the  
i n c id e n c e  o f  g ro s s  c i r r h o s i s  amongst South  A f r i c a n  
N a t iv e s  and to  th e  r e l a t i v e l y  enormous in c id e n c e  
o f  e a r l y  c i r r h o t i c  e h an g es , p r e s e n t i n g  a p i c t u r e  
a lm o s t  i d e n t i c a l  w ith  t h a t  o f the  f i r s t  m a n i f e s t a ­
t i o n s  o f  e x p e r im e n ta l  c i r r h o s i s .  A ccord ing  to  
H ughes, one sh o u ld  e x p e c t  amongst th e s e  n a t i v e s  
an  in c r e a s e d  f r a g i l i t y  o f th e  e r y t h r o c y te s  to  
s a l i n e  s o l u t i o n s ,  and t h a t  i s  borne  o u t  by th e  
r e s u l t s  r e c o rd e d  in  append ix  I I ,  I t  may be 
em phasised  a g a in  t h a t  so f a r  a s  c l i n i c a l  exam ina­
t i o n s  show ed jthese  n a t i v e s  were n o t  b u f f e r i n g  from  
any  c o n d i t i o n  t h a t  would be l i k e l y  to  i n v a l i d a t e  
th e  t e s t ,  though s c h i s to s o m ia s i s  can no t be e x c lu d ed  
e n t i r e l y ,  a s  a f a i r  p e rc e n ta g e  o f  mine n a t i v e s  
s u f f e r  from  t h i s  c o n d i t i o n .
S t im u la t io n  of th e  r e t i c u l o - e n d o t h e l i a l  sys tem  
o c c u rs  i n  a g r e a t  number o f  d i s e a s e s ,  t u b e r c u l o s i s ,  
t y p h o id ,  s c h i s t o s o m ia s i s ,  a m o e b ia s i s ,  su b a c u te  
b a c t e r i a l  e n d o c a r d i t i s  and a great many more and 
in  S e c t io n  i i  i t  was shown t h a t  t h e  d i s e a s e s  in  
which such  s t i m u l a t i o n  o c cu rs  a r e  e x c e e d in g ly  
common amongst th e  n a t i v e s .
Among E uropeans , in  the  c o n d i t io n s  where 
a b n o rm a l i ty  in  r e l a t i o n s h i p  to  th e  f r a g i l i t y  o f
t h e /
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th e  c o r p u s c l e s  h a s  been  n o te d ,  t h e r e  has  a l s o  been  
d e m o n s t r a te d  some d i s tu r b a n c e  o f  th e  r e l a t i o n s h i p  
be tw een  th e  l e c i t h i n  and c h o l e s t e r i n  in  th e  b lo o d :  
a s  r e g a r d s  th e  n a t i v e s  no such  d a ta  a r e  a v a i l a b l e ,  
b u t  t h e  g r e a t  in c id e n c e  o f  a th e r o m a to s i s  em phasised  
i n  S e c t io n  i i  c e r t a i n l y  s u g g e s ts  t h a t  t h e r e  i s  some 
d e p a r t u r e  from  th e  norm al i n  t h i s  r e s p e c t .
E X P E R I M E N T A I . . 
SECTION V.
Only a few ex p er im en ts  were u n d e r ta k e n  and 
th e  e x p e r im e n ta l  an im al u sed  was th e  r a b b i t .
In  s p i t e  o f  th e  f a c t  t h a t  s e v e r a l  w orkers  have 
ta k e n  e x c e p t io n  to  th e  use  o f  the  r a b b i t  in  
e x p e r im e n ta l  work, whose end r e s u l t  i s  c i r r h o s i s ,  
t h a t  a n im a l  p r e s e n t s  c e r t a i n  ad v an tag e s  in  any  
p r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h i s  t y p e .  The 
c h i e f  o b j e c t io n  l i e s  in  th e  o c c u r re n c e  o f  c o c c i -  
d i o s i s  in  a c o n s id e r a b le  p r o p o r t io n  o f  th e s e  
l a b o r a t o r y  a n im a ls^ b u t  even th e  p re s e n c e  o f  c o c c i -  
d i o s i s  sh ou ld  n o t  le a d  to  m i s i n t e r p r e t a t i o n  o f  
r e s u l t s ^ a s  th e  l e s io n s  a s s o c i a t e d  w i th  t h i s  co n ­
d i t i o n  a r e  so c h a r a c t e r i s t i c  and so l o c a l i s e d .
The g r e a t  ad v an tag e  t h a t  th e  r a b b i t  p r e s e n t s  
o v e r  o t h e r  l a b o r a t o r y  a n im a ls  i s  th e  r e l a t i v e  
e a s e  w ith  which c i r r h o t i c  changes may be i n ­
duced in  th e  r a b b i t b  l i v e r  a s  compared w i th  th e  
o t h e r s .  For t h i s  re a so n  o n ly  r a b b i t s  have been 
u se d  in  th e  i n v e s t i g a t i o n  r e c o rd e d ,  w hich  was 
i n i t i a t e d  a s  a p r e l im in a r y  i n v e s t i g a t i o n .
An a b s t r a c t  o f  th e  e x p e r im e n ts  i s  p r e s e n te d  
in  Appendix IV.
Only a sm a ll  s e r i e s  of an im als  was u sed  and 
c o n s e q u e n t ly ,  such  s u b s i d i a r y ,  b u t  r e l e v a n t  
e x am in a tio n s  a s  th e  e f f e c ^  p roduced  by th e  e x p e r i ­
m e n ts /
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e x p e r im e n ts  ôn th e  f r a g i l i t y  o f  th e  e r y t h r o ­
c y t e s ,  have  n o t  been made; i s o l a t e d  e x am in a t io n s  
o f  t h i s  ty p e  would be o f  l i t t l e  v a lu e .
The a n im a ls  r e c e iv e d  th e  o r d in a r y  l a b o r a t o r y  
f o o d ,  g re e n s  and b ra n  mash , w ith  in  a d d i t i o n  th e  
m o d i f i c a t io n s  m entioned  in  th e  ap p en d ix  under 
e a c h .  No e s t im a t io n  was made o f  th e  m e t a l l i c  
c o n te n t  o f  th e  food  a s  c o n t r o l  a n im als  were f e d  
on th e  d i e t  w i th o u t  any  m o d i f i c a t io n .  The m o d i f i ­
c a t i o n  o f  th e  norm al d i e t  c o n s i s t e d  in  th e  a d m in is ­
t r a t i o n  o f  a  m e t a l l i c  s a l t  in  s o l u t i o n  o r  s u s p e n s io n ;  
i n  a d d i t i o n ,  in  th r e e  c a s e s ,  m e th y la te d  s p i r i t s  
was a d m in i s t e r e d .
The s o l u t i o n s  o r  su sp e n s io n s  of th e  s a l t s  
were o r i g i n a l l y  made up in  a te n  p e r  c e n t  con ­
c e n t r a t i o n  and  th e  s a l t s  u sed  were s ta n n o u s  c h l o r i d e ,  
z in c  c h lo r i d e  and copper s u lp h a te .
The c a l c u l a t e d  amount o f  t i n  in  th e  s ta n n o u s  c h lo r i d e  
s o l u t i o n  was 5 .3  gms. in  100 c . c .
The c a l c u l a t e d  amount o f  z in c  in  th e  z in c  
c h lo r i d e  s o lu t io n  was 4.8 gms. in  100 c . c .
The c a l c u l a t e d  amount o f  copper in  the  cop per
s u lp h a te  s o l u t io n  was 2 .5  gms. in  100 c . c .
In  th e  case  of th e  t i n  s a l t  and o f  th e  z in c  s a l t
th e s e  c o n c e n tr a t io n s  were found to  be bo rne  e a s i l y  
by  th e  a n im a ls  in  the  d oses  a d m in i s t e r e d ,  b u t  a s  i s  
se en  in  th e  case  o f  r a b b i t  No. 3 ,  the  dose and
c o n c e n t r a t i o n /
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c o n c e n t r a t i o n  o f  the  copper s a l t  s o l u t i o n  
p ro v ed  to  be too  t o x ic  and s u b s e q u e n t ly  th e  
c o n c e n t r a t i o n  was reduced  to  one p e r  c e n t .
Of th e s e  s o l u t io n s  th e  d a i l y  dose  was 0 .1  c . c .  
w hich  was a c c u r a t e l y  m easured in  a p i p e t t e  and 
made up w i th  w a te r  to  1 c . c .  This was th en  
a d m in i s t e r e d  by p i p e t t e  i n t o  th e  r a b b i t ' s  mouth 
and c a r e  ta k e n  to  see  t l ia t  th e  r a b b i t  sw allow ed 
th e  f u l l  d o se .  The s o l u t io n s  were a d m in i s t e r e d  
d a i l y  a t  9 a .m . f o r  s i x  days in  th e  week; Sundays 
were o m i t te d .  At th e  same tim e th e  r a b b i t s  were 
w eighed d a i l y .
In  th e  case  o f  th e  r a b b i t s  r e c e i v i n g  th e  t i n  
and  th e  z in c  s a l t s  t h e r e  n e v e r  was any  s u g g e s t io n  
o f  t o x i c  d i s tu r b a n c e  n o r  o f  l o s s  o f  w e ig h t -  fem a le s  
became p re g n a n t  and t h e i r  o f f s p r i n g  was h e a l t h y ;  in  
th e  c a se  of th e  copper a n im a ls  even w i th  th e  one p e r  
c e n t  c o n c e n t r a t i o n  some to x ic  d i s tu r b a n c e  d id  ta k e  
p la c e  a s  in  seen  in  r a b b i t s  No. 6 and No. 7 .
At th e  end o f  the  e x p er im en ts  th e  an im a ls  were 
a n a e s t h e t i s e d  and k i l l e d  by chbroform ; a po s t-m ortem  
e x am in a tio n  was made im m ed ia te ly  and th e  t i s s u e s  f i x e d  
in  fo r m a l in  f o r  su b seq u en t  h i s t o l o g i c a l  e x a m in a t io n .  
P a r a f f i n  s e c t i o n s  were made and s t a i n e d  by haem a- 
t o x y l i n  and e o s in ,  by van G ie so n 's  s t a i n ,  by 
M a l lo r y 's  method f o r  haem o fu sc in  -  b a s i c  f u s c h in  -  
and  a l s o  f o r  h a e m o s id e r in .
Ho/
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Ng c a s e  o f  c o c c i d i o s i s  o c c u r re d  amongst th e  
r a b b i t s #  R a b b it  No# 3 d ie d  of an  a c u te  h a e -  
m o rrh a g lc  n e p h r i t i s  b e fo re  th e  ex p erim en t had 
p r o g r e s s e d  s u f f i c i e n t l y  to  .show any  changes 
i n  th e  l i v e r ,  i t  r e c e iv e d  d oses  o f  th e  te n  p e r  
c e n t  co p p er  s u lp h a te  s o l u t i o n  and i t  was because  
o f  t h i s  r e s u l t  t h a t  th e  c o n c e n t r a t i o n  o f  t h i s  
s o l u t i o n  was re d u c e d .
R a b b it  No# 4 s u f f e r e d  a f r a c t u r e  of one o f  i t s  
h in d  l e g s  and had to  be k i l l e d ;  i t s  p la c e  was tak e n  
by  r a b b i t  No. 4A.
Two s e r i e s  o f  ex perim en ts  were made; in  th e  f i r s t  
th e  m e t a l l i c  s a l t s  were a s s o c i a t e d  w i th  a l c o h o l  in  
th e  form  o f  m e th y la te d  s p i r i t s ;  in  th e  second no 
a l c o h o l  was a d m in i s t e r e d ;  a c o n t r o l  a n im a l  r e ­
c e i v in g  o n ly  m e th y la te d  s p i r i t s  was a l s o  i n v e s t i ­
g a t e d .
The o rgans  in  which haem ofusc in  h a s  been  demon­
s t r a t e d  in  th e  e x p e r im e n ta l  an im a l a re  th e  l i v e r  
and th e  s p le e n  and the  bone marrow; r e p o r t s  o n ly  
on th e  l i v e r  and the  s p le e n  w i l l  be made in  t h i s  
s e r i e s •
The ex am in a tio n  o f  th e  l i v e r s  of c o n t r o l  
a n im a ls  and th e s e  were f a i r l y  num erous, n e v e r  
r e v e a l e d  any a b n o rm a l i ty .
In  r a b b i t  No. 5 , to  which o n ly  m e th y la te d  
s p i r i t s  was a d m in i s t e r e d ,  th e  l i v e r  showed w e l l -  
marked f a t t y  d e g e n e ra t io n  b u t  t h e r e  was no p e r i p o r t a l
c e l l u l a r /
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c e l l u l a r  I n f i l t r a t i o n  n o r  a n y  in c r e a s e  in  
f i b r o u s  t i s s u e .  There was no e v id e n c e  o f  
h a e m o s id e r in  b u t  t h e  s e c t i o n s  s t a i n e d  f o r  
h a em o fu sc in  showed an o c c a s io n a l  c e l l  f i l l e d  
w i th  p igm ent g iv in g  th e  d i f f e r e n t i a l  s t a i n i n g  
r e a c t i o n s  o f  h a em o fu sc in .  The c e l l s  were 
s c a n ty  b u t  when a f f e c t e d  showed l a r g e  numbers o f  
th e  g r a n u l e s ;  a p o s s ib l e  e x p la n a t io n  o f  th e  
o c c u r r e n c e  o f  th e s e  i s o l a t e d  c e l l s  l i e s  in  th e  
f a c t  t h a t  th e  b ra n  of th e  food  c o n ta in s  a c e r t a i n  
q u a n t i t y  o f  z i n c ,  p o s s ib l y  j u s t  enough to  p roduce  
th e  m in im al e f f e c t s  n o te d .  I t  may b e ,  to o ,  t h a t  
th e  f a t t y  change a s s o c i a t e d  w i th  th e  s p i r i t  may 
r e n d e r  p o s s ib l e  th e  d e p o s i t i o n  o f  th e  p igm ent in  
s c a n t y  q u a n t i t y ,  under c o n d i t io n s  in  which th e
no rm al an im al w i l l  n o t  show any ch an g e s .
( S  )H a l l  and B u t t  m a in ta in  t h a t  a l c o h o l  h a s  
an  i n h i b i t o r y  e f f e c t  on th e  d e p o s i t i o n  of 
haem o fu sc in  p igm ent b u t  in  th e  s h o r t  s e r i e s  o f  
e x p e r im e n ts  m en tioned  h e r e ,  such  has  n o t  been  
my e x p e r ie n c e :  th e  s e r i e s  however i s  to o  sm a ll
to  p e rm i t  o f  a d e f i n i t e  o p in io n .
In  r a b b i t  No. 2 to  which z in c  and m e th y la te d  
s p i r i t s  were a d m in i s t e r e d ,  d e f i n i t e  changes a p p e a re d  
in  th e  l i v e r ;  t h e r e  was a c e l l u l a r  i n f i l t r a t i o n  o f
m o n o n u c lea r /
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m onon uc lea r  ty p e  in  th e  p o r t a l  t r a c t s ,  and f i n e  
f i b r i l s  o f  f i b r o u s  t i s s u e  were n o te d  in  i t .  
H aem oside rin  was a b se n t  b u t  haem ofusc in  was p r e s e n t  
in  ab u n d an ce , l i v e r  c e l l s  and K u p ffe r  c e l l s  b o th  
showing th e  pigm ent in  g r e a t  q u a n t i t y .  There was 
no g r o s s  c i r r h o s i s  b u t  th e  p e r i p o r t a l  c e l l u l a r  
i n f i l t r a t i o n  w i th  th e  f i n e  f i b r i l s  o f  f i b r o u s  
t i s s u e  s u g g e s ts  t h a t  i f  the  ex p er im e n ts  had  been 
p ro lo n g e d ,  a d e f i n i t e  c i r r h o s i s  would have d e v e lo p e d .
I t  i s  n o te w o rth y  t h a t  th e s e  changes were in d u ced  
by  such  a sm a ll  d a i l y  dose  of z in c  a s  4 .8  mgms.
R a b b i ts  1 and 4A r e c e iv e d  th e  t i n  s a l t ,  w h i le  1 
a l s o  r e c e iv e d  m e th y la te d  s p i r i t s .  S im i la r  changes 
w ere fou nd  i n  th e s e  r a b b i t s  -  p e r i p o r t a l  i n f i l t r a ­
t i o n  o f  m ononuclear c e l l s  w i th  f i n e  f i b r i l s  o f  
f i b r o u s  t i s s u e  and haem ofusc in  in  l i v e r  c e l l s  and 
K u p ffe r  c e l l s ;  i n  r a b b i t  1 th e r e  was t r a n s fo r m a ­
t i o n  in  some o f  the  l i v e r  c e l l s  to  h a e m o s id e r in  
b u t  t h i s  was p a tc h y  in  c h a r a c t e r .
R a b b i ts  6 and 7 r e c e iv e d  the  copper  s a l t ;  
th e  changes in  the  l i v e r  were s i m i l a r  to  th o s e  
o f  th e  o th e r  a n im a ls  v i z .  p e r i p o r t a l  c e l l u l a r  i n f i l ­
t r a t i o n  w i th  d e p o s i t i o n  of haem ofusc in  in  th e  
l i v e r  c e l l s  and in  th e  K u pffe r  c e l l s .
In  a l l  th e  m e t a l l i c  fe d  a n im a ls ,  th e  s p le e n  showed 
d e p o s i t i o n  of b o th  h aem ofusc in  and h a e m o s id e r in  and 
i n  some c e l l s  b o th  p igm ents  were p r e s e n t .
As r e g a rd s  th e  r e l a t i v e  deg ree  o f  d e p o s i t i o n  o f  
th e  haem ofusc in  in  the  r a b b i t s ,  th e  z in c  r a b b i t
showed/
-  7 -
showed th e  g r e a t e s t  d e g re e ,  w h ile  th e  co p p er  and 
t i n  a n im a ls  showed d i s t i n c t l y  l e s s ' i n  t h i s  r e s p e c t  
i t  i s  t o  be n o te d  t h a t  th e  dose  o f  copp er  was o n ly  
0 .2 5  mgm. and a l s o  t h a t ,  a s  M allo ry  has  p o in te d  
o u t ,  even r a b b i t s  o f  th e  same l i t t e r  r e a c t  
d i f f e r e n t l y  to  the  same doses  of m e ta l s .
The o n ly  d e f i n i t e  c o n c lu s io n  which may be made 
from  t h i s  p r e l im in a r y  i n v e s t i g a t i o n  i s  t h a t  haemo­
f u s c i n  may be d e p o s i te d  in  th e  l i v e r  and s p le e n  o f  
th e  r a b b i t  a f t e r  th e  a d m i n i s t r a t i o n  of r e l a t i v e l y  
s m a l l  d o ses  o f  s a l t s  of t i n ,  z in c  and c o p p e r ;  i t  
i s  a l s o  su g g e s te d  from th e s e  e x p er im en ts  t h a t  long  
a d m i n i s t r a t i o n  o f  sm a ll  do ses  o f  the  s a l t s  may 
u l t i m a t e l y  l e a d  to  c i r r h o s i s .
D I S C U S S I O N .
SECTION VI.
Haem ochrom atosis has  n o t  been c o n f in e d  to  
n a t i v e s  in  i t s  in c id e n c e  in  Jo h annesb u rg , f o r  
d u r in g  th e  p e r io d  in  which t h i r t y - t h r e e  c a se s  
o c c u r r e d  amongst n a t i v e s ,  t h e r e  were seven 
am ongst E u ropeans . The t o t a l  number o f 
E uropean  a u to p s ie s  was e ig h t  hundred  and 
s e v e n ty .
In  a d d i t i o n  to  th e  seven c a se s  o f  h a e ­
m ochrom atosis  a l l  a s s o c i a t e d  w ith  g l y c o s u r i a ,  
t h e r e  were f i v e  c ase s  of pigment c i r r h o s i s .
U n f o r tu n a te ly  b o th  in  European and in  
n a t i v e  c a s e s ,  f u l l  c l i n i c a l  h i s t o r i e s  have n o t  
been  a v a i l a b l e ,  and where some a t t e m p t  a t  
h i s t o r y  has been made, th e  d e t a i l s  a r e  u s u a l l y  
so meagre a s  to  be v a l u e l e s s .  The o n ly  
p o i n t s  o f  any  r e le v a n c e  which have been  o b ta in e d  ^
a r e  th e  a g e ,  the  o c c u p a t io n  and h i s t o r y  o f  
a lc o h o l i s m .  These a r e  g iv en  below .
Case (1) W.W.McL. - A e t.  44 -  Draughtsman
No h i s t o r y  - Cause o f  d e a th  -  M a la r ia .
Case (2) P .C .C . -  A e t .  64 - Cold m iner
No h i s t o r y  o f  a lc o h o l  - Carcinoma o f  l i v e r  -
pulm onary  t u b e r c u l o s i s .
Case ( 3 ) /
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Case (3) W .T .C B , -  A e t ,  66 -  C om positor
Heavy b ran d y  d r i n k e r  -  Cause of d e a th  -  
P r o s t a t l c  a b s c e s s  -  P y e b n e p h r i t i s ,
Case (4 ) R .J .B ,  -  A e t ,  60 -  C a re ta k e r  
No h i s t o r y  a v a i l a b l e  -  D ia b e te s .
Case (5) 8 .R .B . -  A e t ,  50 -  M usic ian
No h i s t o r y  a v a i l a b l e  -  d ie d  in  d i a b e t i c  coma.
Case (6) L .S . -  A e t .  50 -  Barman
A lc o h o lic  h i s t o r y  -  D ia b e te s
Case (7) - - -  -  A e t ,  46 - Gold m iner
A lc o h o lic  h i s t o r y .
These seven  c a se s  a l l  o c c u r re d  in  m a le s .
Pigm ent c i r r h o s i s  C a se s .
(1) S .S .  - fem ale  -  a e t  59 .
No h i s t o r y  a v a i l a b l e .
(2) J .W .I .  -  Aet 73 - P lum ber.
Ëeavy w hisky and b e e r  d r i n k e r .
(3 ) P. 0*E .-  Aet 63 -  P e n s io n e r  (p resum ab ly  from m ines)
No h i s t o r y  a v a i l a b l e  - had carcinom a o f  to n g u e .
(4 )   -  Aet 40 + Gold m iner
A lc o h o l ic
M allo ry  ) in  a d i s c u s s io n  o f  the  r e l a t i o n s h i p
o f  co p p er  p o is o n in g  to  haemachrom âto s i s  g iv e s  th e  
o c c u p a t io n  o f  n in e  c a se s  o f p igm ent c i r r h o s i s  some 
o f  which showed th e  com plete  p i c t u r e  o f  haem ochrom atosis  
w i th  d i a b e t e s ;  th e s e  a re  nov/ q u o te d .
(1) Male Aet 63 - Two y e a rs  m i l l i n g  and p la n n in g  b r a s s
and then  36 y e a r s  w orking  s t e e l  
in  same room.
(2) Male Aet 55 - worked in  r a i l r o a d  shop where
copper was worked.
(3) Male Aet 55 -  work in  p o l i s h in g  b r a s s  p ip e
w ren ch es .
w ire
(4) Male Aet. 46 - c a b le  and t e l e g r a p h / l in e s m a n
f o r  23 y e a r s .
( 5 ) /
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(5) Male Aet 41 - 14 y e a rs  m i l l i n g  and  tu r n in g
b r a s s .
(6 ) Male Aet 51 -  B arkeeper
(7 ) Male Aet 50 -  Im p o r te r  o f  I t a l i a n  l i q u o r s .
(8 ) Male Aet 84 -  Longshoreman
(9) Male Aet 42 -  Team ster
In  th e  same a r t i c l e  he a l s o  m en tions  t h r e e  
c a s e s  showing d e p o s i t i o n  o f  haem ofusc in  and 
h a e m o s id e r in  .pigments w i th o u t  th e  o c c u rre n c e  of 
c i r r h o s i s .
These were in  (1) male 49 - worked f o r  y e a r s  in
b r a s s  fo u n d ry .
(2) male 60 -  a copp er  w orker s in c e
th e  age  o f  15
(3) male 52 -  worked in  a b r a s s
fo u n d ry  f o r  6 y e a r s  -  and 
s u f f e r e d  from z in c  c o l i c .
In  y e t  a n o th e r  a r t i c l e  M a llo ry  m entions
t h a t  o u t  o f  a t o t a l  o f  6 ,340  a u to p s ie s  th e r e  
o c c u r r e d  329 case  o f  c i r r h o s i s  o f  th e  l i v e r  and 
o f  t h e s e  ca se s  o f  c i r r h o s i s  98 were a s s o c i a t e d  
w i th  h a e m o s id e ro s is .  In  ray s e r i e s  o f 870 
a u to p s i e s  t h e r e  o c c u r re d  30 c a se s  o f  c i r r h o s i s  
o f  which 11 were a s s o c i a t e d  w ith  h a e m o s id e ro s is ;  
in  th e  s e r i e s  o f  1 ,100  n a t i v e s  t h e r e  were 78 
c a s e s  o f  c i r r h o s i s  and a lm o s t  e v e ry  one a s s o ­
c i a t e d  w ith  h a e m o s id e ro s is .
As re g a rd s  th e  sequence  of e v e n ts  which l e a d s  
up to  the  t e r m in a l  p i c t u r e  o f c i r r h o s i s  o f th e
l i v e r , /
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l i v e r ,  haem ochrom atosis  and g l y c o s u r i a ,  i t  i s  
now g e n e r a l l y  a c c e p te d  t h a t  th e  f i b r o s i s  o f  th e  
p a n c r e a s  w i th  th e  a s s o c i a t e d  g ly c o s u r ia  i s  a 
t e r m i n a l  phenomenon and t h a t  th e  d i a b e te s  p la y s  
no p a r t  i n  th e  e t i o l o g y  o f  th e  p igm ent d e p o s i ­
t i o n .
To q u o te  Garrod ^7   ^ " th e  q u e s t io n  r e s o lv e s  
i t s e l f  i n t o  t h a t  o f th e  p recedence  o f  th e  two 
re m a in in g  e v e n t s ,  c i r r h o s i s  o f th e  l i v e r  and 
h aem ochrom atosis  and v/e may e i t h e r  suppose t h a t  
th e  haem ochrom atosis  i s  the  p r im a ry  e v e n t ,  
and  t h a t  th e  d e p o s i t io n  of the  i r o n - c o n t a i n i n g  
p igm ent in  th e  l i v e r  and p a n c re a s  gives r i s e  to  
th e  f i b r o s i s ;  o r  a g a in  t h a t  haem ochrom atosis  
r e s u l t s  from a d i s tu r b a n c e  o f  i r o n  m etabo lism  
b ro u g h t  a b o u t  by th e  h e p a t i c  c i r r h o s i s ;  o r  
l a s t l y  t h a t  the  c i r r h o s i s  and haem ochrom atosis  
a r e  p a r a l l e l  e f f e c t s  of a common c a u s e " .
" i f  i t  can be shown t h a t  t r u e  haem ochrom atosis  
does a c t u a l l y  occu r in  c a se s  in  which th e  l i v e r  
e x h i b i t s  post-m ortem  no c i r r h o t i c  c h an g es , i t  
w i l l  be n e c e s s a r y  to  abandon th e  th e o r y  t h a t  th e  
c i r r h o s i s  i s  th e  p r im ary  e v e n t ,  and th e  n e c e s s a r y  
a n te c e d e n t  o f haem ochrom atos is ,"
I  have  quo ted  th r e e  c ase s  r e p o r t e d  by  M allo ry  
in  w hich  pigm ent d e p o s i t  o c c u r re d  w i th o u t  
c i r r h o s i s :  a l s o  in  th e  s e r i e s  o f  n a t iv e  l i v e r s
t e s t e d  f o r  h aem ofusc in , th e  two p igm ents  
o c c u r r e d  w i th o u t  c i r r h o s i s .  Thus i t  would 
a p p e a r  t h a t  haem ochrom atosis does occu r  w i th o u t  
a n te c e d e n t  f i b r o s i s .  In the  e x p e r im e n ta l  
a n im a ls  to o  th e  p igm ents were d e p o s i te d  w i th o u t  
c i r r h o t i c  changes .
Of)
Though fèybon Rous in terprdbed the  r e s u l t s  o f  h i s  
e x p erim en ts  a s  i n d i c a t i n g  t h a t  c i r r h o s i s  p rec ed e d  
p ig m e n ta t io n ,M a l lo ry  has  s in c e  shown t h a t  a 
d i f f e r e n t  i n t e r p r e t a t i o n  i s  p o s s i b l e ,  and h as  a l s o
r e c o r d e d /
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r e c o r d e d  th e  f a c t  t h a t  th e  in t r a v e n o u s  i n j e c t i o n  
o f  haem oglob in  i s  fo l lo w e d  by a d e p o s i t i o n  o f  
h a em o fu sc in  pigm ent in  the  l i v e r .
The in c id e n c e  o f  th e  h a e m o s id e ro s is  in  n a t i v e s  
and  o f  h aem ochrom atosis , i s  in  com plete  a c c o rd  w i th  
th e  view p rom ulga ted  by M allo ry  as  to  th e  sequence  
o f  e v e n ts  in  haem ochrom atosis , a view which 
n e c e s s i t a t e s  the  abandonment o f  th e  th e o r y  t h a t  
th e  c i r r h o s i s  i s  th e  p r im a ry  ev en t  and n e c e s s a r i l y  
a n te c e d e n t  to  th e  haem ochrom atosis .
The sequence  of e v en ts  i s  t h a t  "haem ofusc in  
i s  d e p o s i t e d  in  th e  en do th e lium  l i n i n g  th e  
s in u s o id s  and in  th e  parenchym atous c e l l s  o f th e  
l i v e r .  In  th e  co u rse  o f tim e i t  i s  changed to  
h a e m o s id e r in .  The t r a n s f o r m a t io n  i s  v e ry  slow 
and r e q u i r e s  a t  l e a s t  months and p ro b a b ly  y e a rs ;  
when th e  parenchym atous c e l l s  a r e  f i l l e d  w i th  
p igm ent beyond a c e r t a i n  deg ree  th e y  undergo 
■ n e c r o s i s  and th e  pigment i s  tak en  up by e n d o t h e l i a l  
l e u c o c y te s  which o f t e n  c o l l e c t  in  numbers in  th e  
p e r i p o r t a l  c o n n e c t iv e  t i s s u e ; f o l l o w i n g  n e c r o s i s  
r e g e n e r a t i o n  o f  l i v e r  c e l l s  occurs  d i f f u s e l y  
and  in  i s l a n d s .  The new c e l l s  in  tu r n  become 
p igm en ted  w i th  haem ofusc in  which l a t e r  changes 
t o  h a e m o s id e r in .
Owing to  th e  n e c r o s i s  and d is a p p e a ra n c e  o f  th e  
l i v e r  c e l l s ,  th e  strom a in  p la c e s  i s  r e l a t i v e ly -  
i n c r e a s e d  in  amount by c o a le s c e n c e  r e s u l t i n g  in  
S c l e r o s i s .  In th e  f o c i  where the  l i v e r  c e l l s  
r e g e n e r a t e  new strom a i s  formed as  in  a tum our.
In  t h i s  way th e  c o n n e c t iv e  t i s s u e  i s  g r a d u a l ly  i n ­
c r e a s e d  in  amount
A f t e r  the  l i v e r  c e l l s  have tak e n  up ab o u t a l l  
th e  p igm ent th ey  can h o ld ,  i t  b e g in s  to  be d e p o s i te d  
in  th e  o th e r  o rgans and t i s s u e s ,  e s p e c i a l l y  in  th e  
p a n c r e a s ,  th e  c o r te x  of th e  a d r e n a l  g la n d ,  th e  
lymph nodes in  th e  upper  p a r t  o f  th e  abdomen, th e  
h e a r t ,  t h y r o i d , s k i n  of th e  e x t r e m i t i e s  e t c . "
As re g a rd s  th e  age in c id e n c e  of haem ochrom atosis
m o s t /
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m ost o f  ti le  c a se s  r e c o rd e d  a r e  o v e r  f o r t y  y e a r s  
o f  age,,one o r  two a re  j u s t  over  t h i r t y ;  th e  age 
in c id e n c e  in  n a t i v e s  c o rre sp o n d s  w ith  t h a t  r e ­
c o rd e d  f o r  E u ropeans , f i v e  o c c u r re d  betw een th e  
a g e s  o f  t h i r t y  and t h i r t y  f i v e ,  f i v e  betw een 
t h i r t y - f i v e  and f o r t y ,  and th e  rem a in d e r  were 
o v e r  f o r t y ;  in  th e  European s e r i e s  th e  ages a r e  
a l l  o v e r  f o r t y .
As r e g a r d s  sex  in c id e n c e ,  b o th  sexes  a re  
l i a b l e  amongst n a t i v e s ,  and from th e  p e rc e n ta g e  
o f  c a se s  in  t o t a l  post-m ortem s th e y  a p p e a r  to  
be e q u a l ly  l i a b l e .  One would n a t u r a l l y  e x p e c t  
t h i s  to  be th e  case  where th e  f a c t o r s  p ro d u c in g  
th e  c o n d i t i o n  a r e  a t  work e q u a l ly  on th e  two s e x e s .
% e  f a c t o r s  which may be r e s p o n s i b l e  f o r  the  
developm ent o f  the  p ig m e n ta t io n  may a r i s e  in  the  
course  o f  d i s e a s e  o r  may be d e r iv e d  from d i e t .
As r e g a r d s  th e  p o s s i b i l i t y  of a d i s e a s e  f a c t o r  
t h a t  m ight be su g g e s te d  from  the  s l i g h t  b u t  
d e f i n i t e  in c r e a s e  in  the  f r a g i l i t y  o f th e  e r y t h r o ­
c y te s  which has been  n o te d  among n a t i v e s ,  p a r t i c u ­
l a r l y  a s  t h a t  i s  thought to  be a s s o c i a t e d  w i th  con ­
d i t i o n s  in  which th e r e  i s  s t i m u l a t i o n  o f  th e  r e t i c u l O '  
e n d o t h e l i a l  sys tem , i t  has  been  n o te d  to o  t h a t  an  
a l t e r a t i o n  o f  d i e t  tow ards c a rb o h y d ra te  ex ce ss  ^
i s  a s s o c i a t e d  w ith  an in c r e a s e d  fo rm a t io n  of 
b i l e  so t h a t  d i e t  of t h i s  type  may a l s o  p roduce  
an  e f f e c t  on the  f r a g i l i t y  o f  the  c o r p u s c l e s .
T h ese /
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These two f a c t o r s  s t im u l a t i o n  o f  th e  r e t i c u l o ­
e n d o t h e l i a l  system  and ex cess  o f  c a rb o h y d ra te  in  
th e  d i e t  a r e  common amongst th e  South  A f r ic a n  
N a t iv e .  The in c r e a s e d  f r a g i l i t y  o f th e  c o rp u s c le s  
i s  n o t  n e c e s s a r i l y  a s s o c i a t e d  w ith  an aem ia , b u t  i t  
does r e n d e r  a v a i l a b l e  more f r e q u e n t l y  th e  end 
p r o d u c t s  o f  e r y th r o c y te  d e s t r u c t i o n  f o r  com bina­
t i o n  w i th  any  su b s ta n c e s  h av in g  a f f i n i t y  f o r  them.
(!0)
P ey ton  Rous m a in ta in s  t h a t  th e  norm al method o f  
d e s t r u c t i o n  o f  the  e ry th ro c y te s  i s  by f r a g m e n ta t io n ,  
p o ï k i l o c y t e s  b e in g  s im p ly  c e l l s  in  p ro c e s s  o f  
f r a g m e n ta t io n  and d i s i n t e g r a t i o n ;  th e  end p ro d u c t  
o f  th e  f r a g m e n ta t io n  b e in g  a f i n e  haem og lob in -  
c o n ta in in g  d u s t  which undergoes p h a g o c y to s i s .
P h a g o c y to s is  o f  e r y th r o c y te s  a l s o  o ccu rs  
n o rm a l ly  and t h i s  may be in c r e a s e d  under v a r io u s  
p a t h o l o g i c a l  c o n d i t i o n s ,  b u t  n o rm a lly  i t  i s  n o t  a 
dom inant method o f  d e s t r u c t i o n  o f  th e  e r y t h r o c y t e s .
As d e s t r u c t i o n  o f  the  red  b lood  c o rp u s c le s  i s  a 
p ro c e s s  which i s  c o n t in u o u s ,  t h e r e  must a lw ays be 
a v a i l a b l e  a c e r t a i n  amount o f  haem oglobin  m a t e r i a l  
f o r  co m bin a tion  w ith  s u b s ta n c e s  f o r  which i t  has  
an  a f f i n i t y .  D ise a se s  which may a l t e r  th e  r a t e  
o f  d e s t r u c t i o n  of the  c o rp u s c le s  may r e n d e r  a v a i l ­
a b le  more of th e  haem oglobin  d u s t  s t a g e  f o r  such 
co m b in a tio n  and i t  seems to  me t h a t  t h i s  i s  th e  
method by which d i s e a s e  w i th  s t i m u l a t i o n  o f  th e  r e t i c u l o  
e n d o t h e l i a l  c e l l s ,  may p la y  a p a r t  in  h a e m o s id e ro s is ,  
in  c o n d i t io n s  where th e r e  i s  no a p p a re n t  a b n o rm a l i ty
i n /
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i n  th e  amount o f  b lo o d  d e s t r u c t i o n .  At b e s t  
i t  can  o n ly  be an a d ju v a n t  and n o t  a p r im a ry  
f a c t o r .
I f  one a c c e p t s  the  view m en tioned  above o f  th e  
seq u en ce  o f  e v e n ts  which le a d s  to  haem ochrom atosis  
t e r m i n a t i n g  in  b ronzed  d i a b e t e s ,  t h e r e  a r e  tvm 
t h e o r i e s  to  be c o n s id e re d  a s  to  th e  e t i o l o g y  of 
th e  c o n d i t i o n .  F i r s t l y ,  t h a t  advanced by Marie 
in  1895 (q u o ted  by M allo ry )  t h a t  th e  l e s i o n s  a r e  
due to  some a s  y e t  unknown to x in  which i s  r e s p o n s ­
i b l e  f o r  th e  h a e m o s id e ro s is ;  s e co n d ly  t h a t  th e  
s o u rc e  o f  th e  p igm ent i s  due to  a p e r v e r t e d  i r o n  
m e tab o lism  a s  a r e s u l t  o f v/hich th e  c e l l s  o f  th e  
v a r io u s  o rg ans  and t i s s u e s  r e t a i n  most o f  th e  i r o n  
w hich  r e a c h e s  them th roug h  th e  c i r c u l a t i o n  -  a s  
some p u t  i t  b r i e f l y  - an in c r e a s e d  abnorm al a v i d i t y  
o f  th e  t i s s u e s  f o r  i r o n .
Sheldon   ^ has  shown t h a t  th e  b lood  i r o n  in  
haem ochrom atosis  ten d s  to  be low er th an  in  th e  
n o rm al i n d i v i d u a l  and c o n se q u e n t ly  t h a t  th e  c o n d i t io n  
c an n o t  be due m e re ly  to  a f a i l u r e  o f  e x c r e t i o n  o f  
i r o n  w i th  a cc u m u la t io n  in  th e  body f o r  in  such a 
c a se  th e  l e v e l  o f  the b lood  i ro n  would be r a i s e d .
G a r ro d ^^7'^ in  commenting on th e  c a se  r e p o r t e d  
by  him and h i s  c o -w o rk e r s , m en tions t h a t  th e  u r i n e  
and b i l e  were a l i k e  i r o n - f r e e ,  th u s  s u g g e s t in g  t h a t  
th e  f a i l u r e  to  e l im in a te  i s  due r a t h e r  to  th e
e x i s t e n c e /
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e x i s t e n c e  o f  the  i r o n  in  a form n o t  s u i t a b l e  f o r  
e x c r e t i o n  r a t h e r  th a n  to  d e f e c t  i n  a n y  s p e c i a l  
e x c r e t i n g  o r g a n " .
M a llo ry  i s  i n c l i n e d  to  su p p o r t  M a r ie 's  t h e o r y  
and  p u t s  fo rw ard  th e  view t h a t  the  unknown to x in  
s u g g e s te d  by  Marie i s  c h ro n ic  copp er  p o is o n in g .
In  s u p p o r t  o f  h i s  view he adduces ev iden ce  d e r iv e d  
from  c l i n i c a l  h i s t o r i e s  e . g .  o c c u p a t io n ,  from 
fo o d  c o n ta m in a tio n ^ fro m  a lc o h o l  c o n ta m in a t io n  and 
from  e x p e r im e n ts  w i th  copp er  p o is o n in g .  He has  
p ro d u ced  p igm ent c i r r h o s i s  by means of copper 
s a l t s ,  b u t  he a l s o  makes th e  o b s e r v a t io n  t h a t  
c h ro n ic  pd so n in g  w ith  z in c  w i l l  a l s o  p roduce  
l e s i o n s  s i m i l a r  to  th o se  produced  by c o p p e r .
I t  i s  s i g n i f i c a n t  to o ,  t h a t  o f  th e  c a se s  q u o ted  
a s  b e in g  exposed to  copper p o is o n in g  a number 
were a l s o  exposed to  z in c  p o is o n in g .  The 
im p o r tan c e  o f  z in c  in  o c c u p a t io n a l  d i s e a s e  has  
been  em phasised  m a in ly  in  r e g a rd  to  m e ta l  fume 
f e v e r ,  an a c u te  m a n i f e s t a t i o n ,  due to  c o n d i t io n s  
in  w hich the  z in c  i s  o x id i s e d  and th e  fumes of 
z in c  o x id e  occu r  in  th e  a tm o sp h e re .  This i s  a 
common f e a t u r e  in  b r a s s  f o u n d r ie s  and in  oxya- 
c e t y l e n e  w e ld in g ,  in  g a lv a n i s in g  i r o n .
In  b r a s s  f o u n d r ie s  in  America Thompson 
foun d  a s  a r e s u l t  o f  th e  p r o c e s s e s ,  th e  workmen 
would in h a le  in  th e  day  139 mgms of z in c  and t h a t
h e /
— 10 -
h e  would r e t a i n  69 mgms. In  e x p e r im e n ta l  
a n im a l s .  D r in k e r  and D r in k e r ,  have shown " t h a t  
i n h a l e d  z in c  o x id e ,  even in  l a r g e  amounts i s  
r a p i d l y  removed from th e  lu ngs  o f  th e  a n im a ls  . . . .  
a s  z in c  i s  removed from th e  lungs  and i t s  con­
c e n t r a t i o n  t h e r e ,  d im in i s h e s ,  th e  z in c  c o n c e n t r a ­
t i o n  o f  th e  l i v e r ,  g a l l - b l a d d e r  and  th e  b i l e  r i s e ;  
s i m u l t a n e o u s ly  th e  z in c  c o n c e n t r a t i o n  o f  th e  
p a n c re a s  a l s o  r i s e s  a s  i t  does w i th  z in c  f e d  a n im a ls"
Thus in  t h e  case  o f  b r a s s  w o rk e rs ,  th e  r i s k  
o f  c h ro n ic  z in c  p o is o n in g  i s  e v e ry  b i t  a s  g r e a t  
a s ,  i f  n o t  g r e a t e r  th a n ,  th e  r i s k  of copper 
p o i s o n in g .
M a llo ry  m en tion s  in  s u p p o r t  o f  h i s  th e o r y  
t h a t  co p per  can form a cuprohemol compound in  
th e  b lo o d  and t h a t  in  some ma f i n e  a n im a ls  i t  
t a k e s  th e  p la c e  o f  i r o n  in  haem oglobin ; a z in c  
compound s i m i l a r  to  cuprohemol has  a l s o  been 
d e m o n s tra te d  in  o y s t e r s  so t h a t  z in c  too
can form a s i m i l a r  compound in  com b ina tion  
w i th  haem og lob in , and a s  th e  l i v e r  i s  th e  c h i e f  
o rgan  w hich  d e a l s  w i th  th e  e x c r e t io n  o f  z in c  
and w i th  i t s  s t o r a g e  such a compound would 
f i r s t  be s to r e d  t h e r e .  I t  would seem t h e r e f o r e  
t h a t  though copper p o i s o n in g  may produce  h a e ­
m o ch ro m ato s is ,  n o t  ev e ry  c a se  o f  haem ochrom atosis  
i s  due to  copper p o is o n in g .  Zinc may be th e
d o m in an t/
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d o f f l l n a n i ;  f a c t o r  i n  s o m e  c a s e s  a n d  o t h e r  m e t a l s  
i n  o t h e r  c a s e s ,
Among th e  South  A f r ic a n  N a t iv e s  e n q u i r i e s  
d id  n o t  r e v e a l  any  p o s s ib l e  so u rc e  o f  c h ro n ic  
c o p p e r  p o i s o n in g  b u t  th e r e  i s  ev id en ce  s t r o n g l y  
s u g g e s t i n g  t h e  p r o b a b i l i t y  o f  b o t h  z in c  and 
t i n  p o i s o n in g .  The p r e l im in a r y  ex p er im en ts  
r e c o r d e d  a l s o  s u p p o r t  th e  view t h a t  z in c  and 
t i n  may be f a c t o r s  in  t h e  p r o d u c t i o n  o f  h a e ­
m o c h r o m a t o s i s ,  I f  th e  so u rce  o f  th e  p o i s o n ­
in g  i s  i n  th e  d i e t  th en  th e  in c id e n c e  sh o u ld  
be g r e a t  and  th e  r e c o r d  s e t  o u t  in  th e  appen ­
d i c e s  shows t h a t  i t  i s  g r e a t .
As r e g a r d s  th e  a l c o h o l i c  f a c t o r ,  t h a t  i s  
a lw ay s  p r e s e n t  i n  t h e  n a t i v e .
Pigm ent h a v in g  th e  c h a r a c t e r s  o f  haem ofusc in  
h a s  been  found  i n  t h e  l i v e r  ( 1 )  a s  t h e  r e s u l t  
o f  in t r a v e n o u s  i n j e c t i o n  o f  haem oglob in , (2) 
a s  t h e  r e s u l t  o f  t h e  a d m i n i s t r a t i o n  o f  c o p p e r ,  o f  
z in c  and o f  t i n ,  and a pigm ent re s e m b l in g  h a e ­
m o fu sc in ,  b u t  n o t  i d e n t i c a l  w i th  i t ,  a s  th e
Ç3/ )
r e s u l t  o f  manganese a d m i n i s t r a t i o n .  ' I t  would 
a p p e a r  t h a t  t h e s e  m e ta ls  c o m b i n e  w ith  t h e  
haem oglob in  to  f o r m  a  chem ica l com bina tion  s t i l l  
r e t a i n i n g  t h e  i r o n  o f  the  h a e m o g l o b i n  a n d  t h a t  
t h i s  com bina tion  i s  s t o r e d  in  th e  e n d o t h e l i a l  
c e l l s  and i n  t h e  parenchym atous c e l l s  o f t h e  
o r g a n .  A f t e r  a  c o n s id e r a b le  time t h i s  co m bin a tion
m a y /
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may be  b ro k en  down and h a e m o s id e r in  s e t  f r e e  
in  th e s e  c e l l s .  I f  th e r e  i s  a c o n s ta n t  su p p ly  
o f  an y  o f  th e s e  m e ta l s ,  a c o n s id e r a b le  p r o p o r t io n  
o f  t h e  i r o n  in  the  body comes to  ta k e  t h i s  form  
e . g .  cuprohem ol, a form u n s u i t a b l e  f o r  e l im in a ­
t i o n  and  th u s  th e re  would a p p e a r  to  be an i n ­
c r e a s e d  a v i d i t y  of th e  t i s s u e s  f o r  i r o n .  W ith 
d i f f e r e n t  co m bina tion  of m e ta ls  w ith  th e  haemo­
g l o b i n ,  t h e r e  w i l l  n e c e s s a r i l y  be d i f f e r e n c e s  in  
th e  p igm ent d e p o s i te d ,  which may show in  m inor 
m ic ro s c o p ic  d e t a i l s ,  b u t  th e  g e n e ra l  f e a t u r e s  a r e  
s i m i l a r  and th e  end r e s u l t  of th e  v i t a l  r e a c t i o n  
o f  th e  c e l l s  c o n ta in in g  th e  pigment i s  h a e m o s id e r in .
The e x p la n a t io n  of the  p ig m e n ta t io n  in  Peyton  
R o u s 's  e x p e r im en ts  w ith  whole b lood  in  which a 
h a em o fu sc in  pigment i s  d e p o s i te d ,  a p p ea rs  to  me 
to  be t h a t  haem oglobin  a s  such o r  parahaem oglob in  
i s  d e p o s i t e d  in  th e  c e l l s  and su b s e q u e n t ly  b roken  
down to  h a e m o s id e r in ;  t h i s  v/ould b r i n g  th e  p igm ent 
i n t o  l i n e  w ith  th e  o th e r  haem ofusc in  p ig m e n ts .
I t  seems to  me t h e r e f o r e  t h a t  th e  haem ofusc in  
p ig m e n ts  r e l a t e d  to  haem ochrom atosis  may be haemo­
g lo b in  o r  an  iso m eric  form of i t ,  o r  haem oglobin  
in  c o m b in a t io n  w ith  o th e r  su b s ta n c e s  such a s  c o p p e r ,  
z i n c ,  t i n  o r  o th e r  m e ta ls  and t h e r e f o r e  a r e  n o t  
d i s i n t e g r a t i o n  p ro d u c ts  of haem oglob in . In  t h i s
c o n n e c t io n /
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c o n n e c t io n  a s i g n i f i c a n t  o b s e r v a t io n  h a s  been 
made b y  H a l l  and B u t t   ^ t h a t  in  t h e i r  e x p e r i ­
m ents  w i th  cop per  p o is o n in g  th e  d e g re e  of d e p o s i ­
t i o n  o f  haem ofusc in  was in  d i r e c t  p r o p o r t io n  to  
th e  amount o f copper p r e s e n t .
SUMMARY.
H aem ochrom atosis i s  a n o t  uncommon d i s e a s e  in  
th e  S ou th  A f r ic a n  N a t iv e ;  th e  c h i e f  f a c t o r  in  i t s  
p r o d u c t io n  a p p e a rs  to  be in  th e  d i e t ,  in  which 
t h e r e  i s  e x cess  o f c a rb o h y d ra te  and p ro b a b le  con ­
t a m in a t io n  w i th  s a l t s  of z in c  and o f  t i n .
H aem ofuscin  i s  an  e s s e n t i a l  f e a t u r e  o f  haemochroma 
t o s i s ;  i t s  d e p o s i t i o n  p re c e d e s  th e  h a e m o s id e r o s is .  
H aem ofuscin  would a p p e a r  to  be a pigm ent d e r iv e d  
from  th e  co m bina tio n  of haem oglobin  w i th  m e ta ls  
e . g .  c o p p e r ,  z in c  and t i n ;  i t  th u s  c o n ta in s  i r o n  
i n  combined fo rm s. A f te r  a p e r io d  in  th e  c e l l s  
th e  p igm ent may be broken  down and h a e m o s id e r in  
s e t  f r e e ;  t h i s  p e r io d  a p p a r e n t l y  v a r i e s  in  d i f f e r e n t  
a n im a ls  and w ith  d i f f e r e n t  m e ta l s .
In  i t s  f o rm a t io n ,  haem ofusc in  n e c e s s i t a t e s  th e  
a b s t r a c t i o n  from the  b lood  of haem oglob in , and i t s  
c o n v e r s io n  in to  a form u n s u i t a b l e  f o r  th e  e a sy  
l i b e r a t i o n  o f  th e  c o n ta in e d  i r o n .  T h is  would 
e x p la in  th e  lo w e rin g  of the  l e v e l  o f  b lo o d  i r o n ,  and 
th e  d im in ish e d  e x c r e t i o n  of i r o n ,  a p r o p o r t io n  b e in g
i n /
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i n  th e  fo rm  o f haem ofusc in  and u n s u i t a b l e  f o r  
e l i m i n a t i o n .
The developm ent of th e  com plete  p i c t u r e  o f 
b ro n z e d  d i a b e te s  depends on th e  d eg ree  of 
d e p o s i t i o n  of t h e  pigment and  th e  r a t e  o f  i t s  
d e p o s i t i o n .  In  m ild  cases  p ig m e n ta t io n  a lo n e  
may o c c u r ,  t h i s  was seen  in  th e  younger n a t i v e s ;  
i n  s l i g h t l y  more se v e re  c a s e s ,  some c i r r h o s i s  
may be added and so on u n t i l  th e  com ple te  p i c t u r e  
i s  p ro d u c e d .  A l l  s t a g e s  have been n o te d  in  th e  
Sou th  A f r i c a n  N a t iv e .
SECTION V II
APPENDIX I .
T h is  i s  a  r e c o rd  o f  a u to p s ie s  from 
J a n u a ry  1925 t o  Septem ber 1928; i t  i n c l u d ­
es  t h e  sex  and age o f  th e  c a s e s ,  th e  i n c i ­
dence  o f  h a e m o s id e r in  and th e  cause  o f  
d e a t h .
The in c id e n c e  o f  h a em o sid e r in  i s  n o te d  
i n  th e  l i v e r ,  sp le e n  and lym pha tic  g l a n à s ,  
and  a l s o  u n d e r  th e  head ing  " a l i a "  where th e  
p ig m e n ta t io n  i s  c o -e x te n s iv e  w ith  t h a t  found 
i n  h aem o ch ro m ato s is .
The r e c o r d  i s  n o t  com plete  in  r e s p e c t  o f  
th e  h a e m o s id e ro s is  a s  sy s te m a t ic  t e s t s  were 
n o t  c a r r i e d  o u t  in  th e  e a r l i e r  c a s e s .
A r b i t r a r y  s ig n s  u se d  in  th e  append ix  a r e  
r e l a t e d  t o  th e  p re se n c e  o f  f r e e  i r o n  in  th e  
o r g a n s .
+4-+ = v e ry  marked to  m arked.
++ = m arked.
+ = s l i g h t  b u t  d e f i n i t e .
+ = t r a c e .
— ~ n e g a t iv e ,
o = n o t  exam ined.
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CDCOCOCOCOOOCOCOCOCOCOCOCOCQCOCOCOCOCOODCOCOCOCOCO CO
Number o f  Cases o f  Haemoohromatosis
o r o f E x te n s i v e  H a em o s id e ro s i s
No . 65 Female 40 Carcinoma of  l i v e rn 99 Male 40 I n f l u e n z a l  n e p h r i t i s
II 189 Male 37 Lobar pneumoniau 216 Pema l e 50 P u e r p e r a l  s e p t i c a e m i aft 223 Female 38 G e n e r a l i s e d  t u b e r c u l o s i s
II 233 Male 34 S u p p u r a t iv e  p y e l o n e p h r i t i s  
C i r r h o s i s  o f  l i v e r
II 259 Male 45 T u b e r c u l o - s i l i c o s i s  - Chro:
II
N e p h r i t i s
283 Female 65 A r t e r i o s c l e r o s i s  -  C i r r h o s
II 303 Male 31 Lobar pneumonia
II 318 Male 56 Lobar pneumonia
II 323 Male 68 Pulmonary t u b e r c u l o s i s
II 324 Male 45 Pulmonary t u b e r c u l o s i s
II 399 Female 30 I n f l u e n z a
II 440 Male 57 Carcinoma o f  l i v e r  -  C i r rh '
It 501 Male 42 Pulmonary t u b e r c u l o s i s
It 519 Male 54 Lobar pneumonia
It 553 Female 68 G e n e r a l i s e d  t u b e r c u l o s i s
It 571 Female 33 P e l v i c  a b s c e s s
It 575 Male 58 S p l e n i c  a b s c e s s
It 637 Male 50 T u b ercu lo us  p l e u r i s y
It 641 Male 50 Carcinoma o f  oesophagus
It 678 Male 42 Lobar pneumonia
It 680 Male 50 A r t e r i o s c l e r o s i s
II 720 Female 70 Broncho-pneumon ia
It 721 Male 30 Carcinoma of  l i v e r
It 722 îfele 45 D y s e n te ry
It 727 Female 55 Haemoohromatosis -  Broncho
It 740 Male 56 P o n t in e  haem orrhage
It 741 Female 60 Carcinoma o f  p a n c r e a s
It 766 Female 70 M i t r a l  Incompetence
It 771 Male 40 M a la r ia
If 785 Male 65 Pulmonary t u b e r c u l o s i s
APPENDIX I I .
The r e s u l t s  o f  ’’f r a g i l i t y  t e s t s ’’ on
50 European Cases
and
200 N ative  Cases
EUROPEANS.
No. o f  Case R e s u lt .  N o .o f Case R e s u lt .
1 0.44%
2 0.43%
3 0.41%
4 0.415%
5 0.44%
6 0.42%
7 0.435%
8 0.435%
9 0.41%
10 0.415%
11 0.420%
12 0.415%
13 0.42%
14 0.43%
15 0.43%
16 0.415%
17 0.41%
18 0.425%
19 0.41%
20 0.40%
26 0.42%
27 0.41%
28 0.445%
29 0.420%
30 0.435%
31 0,425%
32 0.42%
33 0.43%
34 0.43%
35 0.41%
36 0.425%
37 0.405%
38 0.41%
39 0.43%
40 0 . 4 1 ^
41 0.42%
42 0.43%
43 0.42%
44 0.43%
45 0.43%
46 0.425%
47 0.43%
48 0.42%
49 0.44%
50 0.405%
21 0 .-
22 0.42%
23 0.41%
24 0*43%
25 0.425%
Average f r a g i l i t y  = 0,42%
Maximum f r a g i l i t y  = 0.445%
Minimum f r a g i l i t y  = 0.40%
— 2 —
SHAHGAAHS.
No. Age
1 36
2 27
3 27
4 40
5 30
6 23
7 25
8 22
9 24
10 30
11 24
12 38
13 35
14 23
15 28
16 26
17 23
18 28
19 25
20 30
21 28
22 25
23 20
24 40
25 25
26 25
27 20
28 35
R e s u l t
0 .4 5 ^
0 .46^
0 .465?
0.465%
0 . 465?
0.45%
0.48%
0.445%
0.455%
0.465%
0.43%
0 . 4 3 ^
0.46%
0.43%
0.45%
0.45%
0.45%
0.435%
0.43%
0.435%
0.455%
0.46%
0.43%
0.45%
0.432%
0.455%
0.445%
0.455%
Average Age 2 7 .7 8
Average f r a g i l i t y  = 0.446%
Maximum f r a g i l i t y  = 0.468%
Minimum f r a g i l i t y  = 0.40%
Ages 20 -  50
Average f r a g i l i t y  = 0.441%
Ages 30 -  40
Average f r a g i l i t y  = 0.449%
No. M Ê R e su lt
29 23 0,445%
30 30 0.465%
31 38 0.455%
32 38 0.45%
33 40 0.43%
34 20 0.45%
35 30 0.455%
36 23 0.41%
37 23 0.435%
38 24 0.415%
39 25 0.45%
40 30 0.45%
41 25 0.42%
42 32 0.42%
43 21 0.42%
44 27 0.437%
45 22 0.45%
46 20 0.40%
47 ' 37 0.455%
48 25 0.428%
49 22 0.445%
50 26 0.46%
51 27 O A S T i
52 22 0.44%
55 30 0.455%
54 28 0.45%
55 38 0.45%
-  3 -
XOSAS
NO. M® ’ R e su lt No. R e su lt
1 30 0.427% 20 45 0.435%
2 28 0.43% 21 25 0.435%
3 34 0.455% 22 22 0.415%
4 25 0.428% 23 22 0.44%
5 25 0.43% - 24 27 0.45%
6 40 0.46% 25 32 0.44%
7 45 0.432% 26 22 0.43%
8 38 0 .4 1 ^ 27 30 0.435%
9 34 0.43% 28 28 0.43%
10 20 0.42% 29 27 0.46%
11 25 0.425% 30 24 0.43%
12 22 0.45% 31 48 0.45%
13 24 0.41% 32 22 0.43%
14 44 0.435% 33 40 0.455%
15 24 0.43% 34 23 0.435%
16 28 0.415% 35 24 0.432%
17 28 0.415% 36 30 0.40%
18 35 0.46% 37 22 0.425%
19 28 0.44%
Average Age 2 9 .4 6  years
Average f r a g i l i t y  = 0 , 4 3 ^  
Maximum f r a g i l i t y  = 0.46%  
Minimum f r a g i l i t y  = 0 ,
Ages 20 -  30
Average f r a g i l i t y  = 0 . 4 2 2 ^  
Ages 30 -  40
Average f r a g i l i t y  = 0.438%  
Ages 40 -  50
Average f r a g i l i t y  = 0.438%
-  4 -
• MGHOPI
No. R esu lt
1 33 0.448%
2 25 0.45%
3 26 0.45%
4 25 0.44%
5 50 0.455%
6 25 0.445%
7 26 0.435%
8 26 0.435%
9 20 0.43%
10 22 0.46%
11 39 0.445%
12 25 0.44%
13 24 0.415%
14 25 0.455%
No. Age R e su lt
15 23 0.455%
16 23 0 . 4 3 ^
17 20 0.40%
18 30 0.42%
19 38 0.435%
20 30 0.44%
21 23 0.44%
22 25 0 . 4 4 ^
23 46 0.41%
24 22 0.43%
25 40 0.445%
26 28 0.45%
27 24 0.438%
Average Age 2 7 .5 5  y e a r s .
Average f r a g i l i t y  = 0.439%  
Maximum f r a g i l i t y  = 0 . 4 6 ^  
Minimum f r a g i l i t y  = 0.40%
Ages 20 -  30
Average f r a g i l i t y  s  0.439%
Over 50 y e a r s .
Average f r a g i l i t y  = 0.439%
-  5 .
Average Age 2 9 .7 8  years
Average f r a g i l i t y  = 0.427%  
Maximum f r a g i l i t y  = 0.46%  
Minimum f r a g i l i t y  0.40%
Ages 20; -  50
Average f r a g i l i t y  = 0.423%
Ages 50 -  40
Average f r a g i l i t y  = 0.434%
NYAMBAAN
No. Age R e su lt  No. Age R e su lt
1 22 0.43% 13 26 0 .405
2 25 0 .4 3 ^  14 24 0 .4 1
3 22 0.43% 15 27 0.425%
4 23 0.43% 16 28 0.40%
5 28 0.43% 17 40 0.435%
6 23 0.426% 18 40 0.43%
7 25 0.41% 19 34 0.455%
8 25 0.44% 20 20 0.415%
9 24 0 . 4 4 ^  21 36 0.44%
10 28 0.41% 22 55 0.46%
11 22 0.425% 23 40 0.41%
12 28 0.43%
-  6 -
PONBÔ
No. M® R esu lt No. Age R e su lt
1 33 0.41% 12 24 0.432%
2 32 0.46% 13 24 0.445%
3 19 0.43% 14 25 0.45%
4 22 0.46% 15 32 0.42%
5 35 0.45% 16 25 0.415%
6 22 0.44% 17 27 0.43%
7 25 0 . 4 5 ^ 18 39 0.43%
8 30 0.43% 19 36 0.44%
9 30 0.44% 20 24 0.44%
10 32 0.45% 21 28 0.425%
11 22 0.455%
Average Age 2 7 .9  years
Average f r a g i l i t y  = 0 . 4 3 ^  
Maximum f r a g i l i t y  = 0.46%  
Minimum f r a g i l i t y  = 0.41%
Ages 20 -  30
Average f r a g i l i t y :  
Ages 30 -  40
0.439%
Average f r a g i l i t y  s  0.436%
mm Q  mm
MSÜTÜ
No. àm® R e su lt No. R e su lt
1 30 0.43% 11 45 0.445%
2 23 0.44% 12 38 0.455%
3 27 0.435% 13 30 0.445%
4 28 0.45% 14 26 0.45%
5 32 0.43% 15 30 0.43%
6 20 0.455% 16 25 0.43%
7 27 0.415% 17 26 0.42%
8 26 0.46% 18 37 0.40%
9 26 0.43% 19 25 0.42%
10 26 0.445% 20 26 0.415%
Average Age 2 8 .6 5  years
Average f r a g i l i t y  = 0 . 4 3 ^  
Maximum f r a g i l i t y  = 0.46%  
Minimum f r a g i l i t y  = 0.40%
Ages 20 -  30
Average f r a g i l i t y  = 0.435%
Above 30 years
Average f r a g i l i t y  =s 0.433%
— G —
SWAZI
Sjl A£6 R e su lt
1 26 0.45%
2 28 0.443%
3 28 0.405%
4 30 0.43%
5 30 0.43%
6 43 0.48%
7 26 0.46%
No.
1
2
3
4
5
6
BECHÜANA
ê£Ë.
38
28
25
24
35
22
R e s u l t
0.415%
0.46%
0.46%
0.40%
0.455%
0.42%
F in go
Tonga
M olo tse
Unknown
32
24
34
28
0.43%
0.43%
0.42%
0.42%
APPENDIX I I I
The In cid en ce  o f haem ofusein  in  a 
sh o rt s e r ie s  o f  N ative  C ases;
No. Sex Age H aem ofusein H aem o sid e r in
1 P . 38 + +
2 F . 3 /5 2 -
3 M. 44 +
4 M. 35 + +
5 M. 50 + +
6 M. 36 + +
7 M. 36 «
8 M. 46 + +
9 F. 27 + ' ±
10 F. 40 + ±
11 F . ? +
12 M. 30 ±
13 M. — + +
14 M. 30 + +
15 M. - ±
16 F . 33 + +
17 F . 32 ± ±
18 M. 60 + +
19 F . 21 + +
20 M. 55 + +
21 M. 30+ -
22 M. 19 + +
23 M. 38 + +
24 M. 31 + +
25 F. 30 + +
26 M. 40 + +
27 M. 39 + +
28 M. 37 + +
29 M. 21 + +
30 M. 20 + ±
F if t e e n  o th er  c a s e s ,  mine boys were t e s t e d ;  
t h e ir  ages are  n o t a v a i la b le  but the m a jo r ity  were 
under t h i r t y ,  a l l  o f  them showed tr a c e s  o f  haemo- 
f u s c in ,  fo u r  showed a p p re c ia b le  q u a n t i t ie s .
APPENDIX NO. IV.
A b s t r a c t  o f  E x p e r im e n ts  on 
R a b b i ts  w i th  m e t a l l i c  s a l t s  ( T in ,  Z inc^C opper)
R a b b i t  No, 1 : -  (S tanno us  C h lo r id e  w i th  
M e th y la te d  S p i r i t ) .
Animal k e p t  u n d e r  o b s e r v a t io n  and  w eighed 
d a i l y  f o r  a f o r t n i g h t  b e f o r e  e x p e r im e n t  begun .
E xperim en t begun on 9 /1 1 /2 6  when a n im a l  
weighed 3 ,3 1 0  gms.
R a b b it  f e d  on o r d i n a r y  d i e t  f o r  l a b o r a t o r y  
a n im a ls  and  in  a d d i t i o n  r e c e i v e d  s o lu tb n  o f  t i n  
c h l o r i d e  s i x  days o f  th e  week, and m e th y la te d  
s p i r i t s  on two days o f  th e  week.
D a i ly  dose  o f  t i n  c h l o r i d e  s o l u t i o n  was 
0 .1  c . c .  o f  a t e n  p e r  c e n t  s o l u t i o n  o f  
s ta n n o u s  c h l o r i d e ;  t h i s  was made up to  1 c . c ,  
i n  a p i p e t t e  w i th  d i s t i l l e d  w a t e r .  The dose  
was a d m in i s t e r e d  by  p i p e t t e  i n t o  th e  r a b b i t   ^s 
mouth and c a re  ta k e n  to  see  t h a t  th e  whole 
dose  was sw allow ed.
The amount o f  t i n  in  th e  d a i l y  dose  was 5 .3  
mgms, The dose  o f  m e th y la te d  s p i r i t s  a d m in i s t e r e d  
was 1 c . c . The t o t a l  q u a n t i t y  o f  t i n  a d m in i s t e r e d  
th ro u g h o u t  th e  e x p er im en t  was 1 .054  gms. The 
t o t a l  amount o f  m e th y la te d  s p i r i t  a d m in i s t e r e d  was 
.32 c . c s .
The ex p er im en t ended on 1 1 /7 /2 7  when a n im a l  
w eighed 3 ,2 2 0  gms.
T he/
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The a n im a l  was a n a e s t h e t i s e d  and  k i l l e d  w i th  
c h lo ro fo rm .
P ost-m ortem  e x a m in a t io n  was c a r r i e d  o u t  a t  
once #
No obv io u s  a b n o r m a l i ty  was d e t e c t e d .  T is s u e s  
were f i x e d  i n  fo r m a l in  and s e c t i o n s  ta k e n  f o r  
h i s t o l o g i c a l  e x a m in a t io n .
R a b b it  No. 2 ; -  (Z inc  c h l o r i d e  w i th  M e th y la te d  S p i r i t )
Animal k e p t  u n d e r  o b s e r v a t io n  and w eighed  d a i l y  
f o r  a f o r t n i g h t  b e f o r e  e x p e r im e n t  begun .
E xperim ent begun on 9 /1 1 /2 6  when a n im a l  w eighed  
2 .4 0 0  gms.
R a b b it  f e d  on o r d i n a r y  d i e t  and in  a d d i t i o n  
r e c e i v e d  s o l u t i o n  o f  z in c  c h l o r i d e  s i x  days o f  
th e  week and m e th y la te d  s p i r i t s  on two days o f  
th e  week.
D a i ly  dose  o f  z in c  c h l o r i d e  s o l u t i o n  was 0 ,1  c . c .  
o f  a t e n  p e r  c e n t  s o l u t i o n  o f  z in c  c h l o r i d e ;  t h i s  was 
made up to  1 c . c .  i n  a p i p e t t e  w i th  d i s t i l l e d  w a te r .
The dose  was a d m in i s t e r e d  by  p i p e t t e  a s  in  th e  c a se  
of R a b b i t  1 .
The amount o f z in c  i n  th e  d a i l y  dose  was 4 .8  mgms.
The dose  o f  m e th y la te d  s p i r i t s  was 1 c . c .
The total q u a n t i t y  o f  z in c  a d m in i s t e r e d  was 0 .835  gm. 
The amount o f  m e th y la te d  s p i r i t  a d m in i s t e r e d  was 
24 c . c s .
D uring th e  e x p er im en t  th e  r a b b i t  became p re g n a n t
a n d /
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and  gave b i r t h  to  f o u r  young t h a t  s u r v iv e d  and 
th r iv e d *
The z in c  a d m i n i s t r a t i o n  was s to p p e d  from  
4 /1 2 /2 6  to  6/ 1/ 2 7 . when i t  was recommenced.
The e x p e r im e n t  ended on 1 1 /7 /2 7  when th e  a n im a l  
w e ighed  2560 gms.
The a n im a l  was a n a e s t h e t i s e d  and  k i l l e d  w i th  
c h lo ro fo rm .
P ost-m ortem  e x a m in a t io n  was c a r r i e d  o u t  a t  
o n ce . No obv ious  a b n o r m a l i ty  was d e t e c t e d .
T is s u e s  w ere  f i x e d  in  f o r m a l in  and  s e c t i o n s  
ta k e n  f o r  h i s t o l o g i c a l  e x a m in a t io n .
R a b b it  No. 3 : -  (Copper S u lp h a te  w i th  M e th y la te d  S p i r i t )
Kept u n d e r  o b s e r v a t io n  f o r  a p e r io d  b e f o r e  
ex p e r im e n t  begun .
E xperim en t begun on 9 / l l / 2 6  when a n im a l  w eighed  
2 ,1 8 0  gms.
Fed on o r d i n a r y  d i e t  and in  a d d i t i o n  g iv e n  d a i l y
0 .1  c . c .  o f 10% s o l u t i o n  o f  co p p er  s u lp h a te  on 
s i x  days o f  th e  week; a l s o  1 c . c ,  o f  m e th y la te d  
s p i r i t  on two days of th e  week.
Amount o f  copper in  th e  dose  o f  co p p er  s u lp h a te  
s o l u t i o n  was 2 .5  mgms.
12 doses  g iv en  making t o t a l  o f  30 mgms in  
12 d a y s .
Animal d ie d  on 2 5 /1 1 /2 6  when i t  p a sse d  b lo o d  
in  th e  u r in e ,
fo s t - m o r te m /
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P ost-m ortem  e x a m in a t io n  w i t h in  h a l f  an  h o u r  
o f  d e a th  r e v e a l e d  a h a em o rrh ag ic  n e p h r i t i s .
From t h i s  i t  was assum ed t h a t  t h e  dose  of 
c o p p e r  s u l p h a te  was to o  t o x i c  f o r  th e  a n im a l  
c o n c e rn e d  and c o n s e q u e n t ly  in  e x p e r im e n ts  6 
and 7 th e  dose  was d im in i s h e d .
R a b b it  No. 4 (S tan nou s  C h l o r id e ) .
T h is  an im a l  was one o f  t h e  f o u r  young from  
r a b b i t  2 ,  and i t  was k e p t  u n d e r  o b s e r v a t io n  
u n t i l  e x p e r im e n t  begun on 1 3 /7 /2 7 .  U n f o r t u n a t e ly  
t e n  days a f t e r  th e  commencement, i t s  h in d  l e g  was 
b rok en  and th e  a n im a l  was a n a e s t h e t i s e d  and k i l l e d
I t  was r e c e i v i n g  a d a i l y  dose  o f  5 .3  mgms o f  
t i n  in  th e  form  o f  s ta n n o u s  c h l o r i d e .  No 
a l c o h o l  was g iv e n .  T i s s u e s  were ta k e n  f o r  
e x a m in a t io n  a s  in  th e  o t h e r  r a b b i t s .
R a b b it  No. 4 A . (S tanno us  C h l o r id e ) .
T h is  a n im a l  was s u b s t i t u t e d  f o r  No. 4 .
The e x p e r im e n t  began  a f t e r  a p r e l i m i n a r y  
p e r io d  o f  o b s e r v a t io n  on 1 0 /8 /2 7  when th e  a n im a l  
weighed 1950 gms.
The an im al was f e d  on o r d i n a r y  d i e t  and in  
a d d i t i o n  r e c e iv e d  5 .3  mgms o f t i n  in  th e  form  o f 
s ta n n o u s  c h lo r i d e  d a i l y  on s i x  days of th e  week.
The ex p er im en t  l a s t e d  t i l l  th e  7 /9 /2 8  when th e  
an im a l was a n a e s t h e t i s e d  and k i l l e d  by  c h lo ro fo rm .
I t  th e n  weighed 2 ,2 5 0  gms and was in  good c o n d i t i o n .
P o s t-m o r te m /
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P os t-m ortem  e x a m in a t io n  was made a t  once 
and  th e  t i s s u e s  f i x e d  i n  f o r m a l i n .  S e c t io n s  
were p r e p a r e d  f o r  h i s t o l o g i c a l  e x a m in a t io n .
The t o t a l  amount o f  t i n  a d m in i s t e r e d  to  
t h e  r a b b i t  o v e r  th e  p e r i o d  o f  t h i r t e e n  months 
was 1 .765  gms.
R a b b i t  No. 5 ; -  (M e th y la te d  S p i r i t )
Experiment was begun on 1 3 /7 /2 7  when th e  
a n im a l  w eighed 2 ,1 0 0  gms.
In  a d d i t i o n  to  th e  o r d i n a r y  d i e t  t h i s  
r a b b i t  r e c e i v e d  tw ic e  w eekly  a dose  o f  1 c . c .  
o f  m e th y la te d  s p i r i t ,  a d m i n i s t e r d  by  p i p e t t e  a s  
in  th e  o th e r  r a b b i t s .
The t o t a l  amount o f  s p i r i t  g iv e n  was 123 c . c s .
The ex p e r im e n t  was ended on 6 /9 /2 8  when the  
a n im a l  w eighed 2 ,1 0 0  gms and was in  good c o n ­
d i t i o n .
P gst-m ortem  was p e rfo rm ed  im m ed ia te ly  and 
t i s s u e s  p r e s e r v e d  in  f o r m a l in  f o r  h i s t o l o g i c a l  
e x a m in a t io n .
No a b n o rm a l i ty  was d e t e c t e d  m a c r o s c o p ic a l ly .
R a b b it  No. 6 : -  (Copper s u lp h a te  w i th  M e th y la te d  S p i r i t )
This a n im a l  was k e p t  u n d e r  o b s e r v a t io n  from  b i r t h  
and  e x p er im en t  was begun when i t  was a b o u t  seven  
months o ld .
I t  th e n  w eighed 1 ,4 0 0  gms.
In  a d d i t i o n  to  o r d i n a r y  d i e t  i t  r e c e i v e d  d a i l y
f o r /
**• 0
f o r  s i x  days o f  th e  week 0 .1  c . c .  o f  a one 
p e r  c e n t  s o l u t i o n  o f  co p p er  s u l p h a t e  and tw ic e  
a  week 1 c . c .  o f  m e th y la te d  s p i r i t *  The 
e x p e r im e n t  l a s t e d  t i l l  th e  2 1 /9 /2 8  when th e  
a n im a l  was a n a e s t h e t i s e d  and k i l l e d  hy  c h l o r o ­
fo rm ; i t  th e n  w eighed 1 ,69 0  gms.
A f t e r  49 d o ses  o f  th e  co p p er  s u l p h a te  th e  
a n im a l  became s i c k l y  and th e  e x p e r im e n t  was 
s to p p e d  f o r  two weeks and th e n  recommenced.
Th© d a i ly  dose of cooper was 0.25 mgm.
The t o t a l  amount o f co pper  a d m in i s t e r e d  was 
8 6 .5  mgms,
Th© t o t a l  amount o f  s p i r i t  a d m in i s t e r e d  was 
94 c . c .
Ho obv ious  ab m o rm ality  was d e t e c t e d  p o s t ­
mortem and  t i s s u e s  were p r e s e r v e d  in  f o r m a l in  
f o r  h i s t o l o g i c a l  e x a m in a t io n .
R a b b i t  Ho* 7 t -  (Copper S u lp h a te )
T his an im a l  was a l s o  k e p t  u n d e r  o b s e r v a t io n  
Aom b i r t h  and th e  e x p e r im e n t  commenced when 
i t  was ab o u t  seven m onths o ld  on th e  1 3 /7 /2 7 ;  
when i t  w eighed 1 ,420  gms.
A p a r t  from the  m e th y la te d  s p i r i t  w hich was 
n o t  a d m in i s t e r e d ,  t h i s  e x p e r im e n t  was th e  same 
a s  in  Ho* 6 w i th  the  p e r io d  o f  i n t e r m i s s i o n  a f t e r  
49 d o se s  o f  the  Copper s u lp h a te *
T h e /
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Th© d a i l y  dose  o f  c o p p e r  was 0 .25  mgm.
The t o t a l  amount a d m in i s t e r e d  was 8 6 .5  mgm.
The a n im a l  was a n a e s t h e t i s e d  and k i l l e d  w i th  
c h lo ro fo rm  on 2 1 /9 /2 8  when i t  w eighed  2 ,1 2 0  gms.
At th e  p o s t-m o rtem  no ob v io us  a b n o r m a l i ty  was 
d e t e c t e d  and th e  t i s s u e s  were p r e s e r v e d  in  f o r m a l in  
f o r  h i s t o l o g i c a l  e x a m in a t io n .
APPENDIX V.
Copy o f  In f o rm a t io n  r e c e i v e d  from  
C r im in a l  I n v e s t i g a t i o n  D e p a r tm e n t ,  J o h a n n e s b u rg , 
by  P r o f e s s o r  J.M. W att ,  Pharm acology  D e p a r tm e n t , 
U n i v e r s i t y  o f  th e  W itw a te r s r a n d .
KAFFIR BEER; "Umgomboti" .
The b e e r  in  q u e s t io n  i s  made o f  K a f f i r  co rn  and 
m e a l ie  m e a l .
The K a f f i r  co rn  i s  soaked  f o r  two o r  t h r e e  days 
and  when th e  g r a i n  commences to  s p r o u t ,  i t  i s  t a k e n  
o u t  o f  t h e  w a te r  and a l lo w e d  to  d ry  -  sun  d r i e d  f o r  
p r e f e r e n c e .
This i s  th en  known a s  "Umtombo" o r  m a l t ;  th e  m a l t  
i s  th e n c e  ground  i n t o  c o a r s e  m ea l,  th e  g r a i n  b e in g  
m e re ly  b ro k e n ,  t h i s  i s  th e n  cooked i n t o  a t h i c k  
p o r r i d g e ,  when cooked i t  i s  p la c e d  i n t o  drums o r  
b a r r e l s  and  a llo w e d  to  c o o l  o f f .  When c o o l  a  v e ry  
s o f t  p o r r id g e  o f  raw m e a l ie  and K a f f i r  co rn  m eal i s  
ad d ed , th e n c e  th e  n e c e s s a r y  p r o p o r tb n  o f  lu k e  warm 
w a te r  a c c o rd in g  to  th e  q u a n t i t y  o f th e  M alt o r  Umtombo.
I t  i s  th e n  a l lo w e d  to  s t a n d  f o r  two o r  t h r e e  days 
f e r m e n t in g ;  a f t e r  th e  fe rm en ta tion  i t  i s  s t r a i n e d  and f i t  
f o r  c(Insum ption.
The l i q u o r  in  q u e s t io n  i s  a f a v o u r i t e  beverage, 
f o r  th e  Cape Colony n a t i v e s ,  Z u lus  and Sw azis and 
even B a s u to s .
SKOKIAN.
Skokian  i s  p r e p a re d  by  means o f  v a r io u s  y e a s t s  such  
a s  th e  y e a s t  o b ta in e d  a t  th e  B re w e r ie s ,  H a t t i n g h 's  y e a s t  
and com pressed  y e a s t .
A cake o r  two o f  y e a s t  p l a c e d  i n to  a 4 g a l l o n  t i n  
o f  h o t  w a t e r ,  su g a r  and sy ru p  added and a l lo w e d  to  
s ta n d  a b o u t  f o u r  h o u rs  u n t i l  i t  commences to  fe rm e n t  - 
an a i r t i g h t  u t e n s i l  i s  p r e f e r a b l e ,  az  t h i s  c au se s  a 
q u ic k e r  f e r m e n ta t i o n .  A q u a n t i t y  o f  K a f f i r  co rn  m a l t  t i e d  
in  a c l o t h  and p la c e d  i n t o  Skokian  g iv e s  i t  a b e t t e r  
t a s t e  o r  k i c k .
M eth yla ted  s p i r i t s ,  p in e a p p le s ,  grap es  and s t a l e  bread  
a re  a l s o  added.
QALI/
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qALI.
Q a l i  i s  p r e p a re d  by  means o f  a H o t t e n t o t  f i g  
known a s  ” Insem a” ; th e  r o o t  i s  v e ry  b i t t e r  and 
i s  b o i l e d  s e v e r a l  t im e s  to  re d u c e  i t s  s t r e n g t h  
and  b i t t e r n e s s ,  when th e  s t r e n g t h  i s  s u f f i c i e n t l y  
r e d u c e d ,  e i t h e r  b la c k  o r  w h i te  s u g a r  and  sy ru p  
a r e  a d d e d .
About 4 g a l lo n s  o f  lu ke  warm w a te r  a r e  added, and 
a l lo w e d  to  c o o l  o f f ,  th e  p r o c e s s  t a k in g  a b o u t  24 
h o u r s ,  when i t  i s  r e a d y  f o r  co nsu m ptio n .
The t a s t e  o f  Q a l i  i s  b i t t e r  and i t  i s  a h i g h l y  
i n t o x i c a t i n g  b e v e ra g e .
8IG0MFANA.
Two b lo c k s  o f  y e a s t  and a b o u t  5 to  6 pounds o f  w h i te  
su g a r  o r  b la c k  su g a r  to  4 g a l l o n s  o f  lu k e  warm w a te r .
A r a g  c o n ta in in g  K a f f i r  co rn  m a l t  i s  p l a c e d  i n t o  
th e  u t e n s i l  when f e r m e n t in g ,  th e  o b j e c t  b e in g  to  
g iv e  i t  a K a f f i r  co rn  f l a v o u r ,  p in e a p p le  and even 
b o i l e d  p o t a t o e s  a r e  ad d ed , t h i s  i s  done m e re ly  f o r  
f l a v o u r i n g  p u rp o s e s ,
Sigomfana i s  a h i g h l y  i n t o x i c a t i n g  d r i n k .
W hite Sigom fana i s  a l s o  p r e p a r e d  a s  Sigom fana -  w h ite  
s u g a r  o n ly  b e in g  u s e d .
Th© p r in c ip a l  in g re d ie n ts  a re  y ea s t  and white 
sugar; t h i s  l iq u o r  i s  a lso  in to x ic a t in g ,  the s t r e n g th  
depends on the  amount of the y ea s t  added.
The tim e a l lo w e d  i s  5 to  6 h o u rs  f o r  f e r m e n ta t i o n ;  
t h i s  i s  known a s  "Igwebu” and W hite Segum fana.
Copy o f  N o tes  from  C a r l  F a y e ,
D epartm en t o f  N a t iv e  A f f a i r s ,  M a r l tz b u rg .
i s  » ko  ^keyana
( i s i ' k o 'k e y a n a ,  
e j e c t i v e  k ) ,
igwebu 
( i l ig w e b u  
im p lo s iv e  b ) .
insema
i s q a t * a v i t ’ i  
( i s i q a t * a v i t ' i  
a s p i r a t e d  t ) .
isk*w elek*anda  
( is ik * w e le k * an d a  
a s p i r a t e d  k ) .
umqombot * i  
(umqombot’ 1 
a s p i r a t e d  t ) .
isgom fane
(isg om fan e)
umz exa 
(um uzexe)
i q ' a l i
( i l i q ' a l i )
ig c o b o z i  
( i l i g c o b o z i )
y e a s t  in p r e g n a te d  f r o t h ,  o b ta in e d  
from  th e  B re w er ie s  o f  w h i te  p e o p le ,  
from  which a l i q u o r  i s  made by  
N a t iv e s  by m ix in g  w i th  w a te r  and  
su g a r  o r  s y ru p .  The w a te r  i s  f i r s t  
warmed, and th en  th o r o u g h ly  s w e e t­
ened w i th  th e  su g a r  o r  s y ru p ,  b e f o r e  
th e  y e a s t l y  f r o t h  i s  a d d e d .  The 
name i s  u se d  f o r  b o th  th e  f r o t h  and 
th e  l i q u o r .
th e  sam e.
b u lb o u s  r o o t  o f  a g round e u p h o rb ia  
(E .p u g n ifo rm is  and E . b u p l e u r i f o l i a , 
a c c o rd in g  to  B r y a n t ) .  The b u lb  i s  
s k in n e d ,  pounded and  d r i e d  and  th en  
ground  i n t o  a v i l e  p o t e n t  d r i n k  by 
m ix ing  w i th  warm w a te r  sw eetened w i th  
s u g a r  o r  s y ru p .  Insema i s  th e  
u n i v e r s a l  Z ulu  name f o r  th e  b u lb  
(ea ch  p l a n t  h a s  one b u lb  o n ly ;  i t  
i s  l a r g e l y  u sed  f o r  a p o p u la r  game 
among Z u lu  b o y s ) ;  th e  name h a s  now 
a l s o  come i n t o  u se  f o r  d e s i g n a t in g  
th e  l i q u o r  made from  i t .
th e  l i q u o r  made ffom  th e  insem a.
Name f i r s t  u se d  a s  euphemism f o r  
i n s e m a - l iq u o r .
th e  l i q u o r  made from  th e  in sem a. 
F i r s t  u se d  a s  euphemism.
X»oza and Su t*u  f o r  Zulu  u lc w a la ,  
b e e r .
Euphemism f o r  i s  im eyana. 
th e  same.
th e  same -  vowels a s  in  i m a l i ,  
money.
Swazi am abele b e e r .
T he /
— 2 —
The m eaning  o f  th e s e  names a r e  s e l f - e v i d e n t ,  
h u t  t o  save  th e  t r o u b l e  o f  w r i t i n g  them o u t ,  I  g iv e  
them h e r e  a s  b r i e f l y  a s  p o s s i b l e
i s * ko*keyana  from  *ko*ka = *ka*ka,=  s u r ro u n d ,  h en ce
t h a t  w hich  su r ro u n d s  o r  i s o l a t e s  th e  
s e n s e s ;  th e  en d in g  eyana i n d i c a t e s  
a s u b t l e  a g e n t  h e r e .
igwebu
insema
i s q a t  * a v i t  * i
isk* w elek*and a
umqombot * i  
isgom fane
umzexe
i q » a l i
ig c o b o z i
i s  * imeyana 
i s i  imeyana
r= f r o t h .
i s  d e s c r i p t i v e  o f  th e  b u l b .
= t h a t  w hich  i s  b l i n d i n g  and o v e r ­
p o w e r in g ,  from  q a t* a ,  a r r i v e  a t ,  
r e a c h ,  a l i g h t  jj^upon ( th e  e y e s ,  
u n d e r s t o o d ) ,  and v i t * i  ( v i t * i z a )  
t h a t  w hich  renders  t o t a l l y  h e l p l e s s .
= t h a t  which c lim bs  upon th e  h e a d ,
"goes t o  the  h e a d " .
= t h a t  which makes th e  b e l l y  p r o tu d e .
= t h a t  w hich  bows down (a p e r s o n ,  
u n d e£soo d , in d u c in g  p r o s t r a t i o n ) .
= t h a t  w hich  c u t s ;  r e f e r s  to  th e  " b i t e "  
and  " k ic k "  of th e  l i q u o r .
= t h a t  w hich  in d u c e s  s t i f f n e s s ,  a 
c a t a l e p t i c  c o n d i t i o n .
from  th e  shape and s i z e  o f  th e  v e s s e l  
i n  w hich i t  i s  s e rv e d :  from gcoboza , 
d i p .
= " i n t o x i c a t i n g  d r in k  made w i th  t r e a c l e  
( th e  name c o r r u p te d  from  m ach in e )"  - -  
a c c o rd in g  to  C o le n se .
The name i n  th e  Z u lu  mind i s  a l s o  
a s s o c i a t e d  w i th  u k u t  * i  sh im e, to  
t h r u s t  o n e s e l f  i n t o  th e  g r a s s ,  to  
p lu n g e  i n t o  a  maze, bog .
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